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Wergh the quality of Hellwig: PAS 
in Tuberculosis 


herap 


Continuing laboratory and clinical re- 
search has resulted in increased PAS 
efficacy and more convenient methods 
of administration. 


a single, pre-weighed dose of 
neutral sodium para amino 
salicylate dihydrate packaged for 
individual administration. 


a pre-weighed package of 
neutral sodium PAS in a sealed 
polyethylene bag for quantity 
use in hospitals and sanatoria. 


PAS is an unstable drug. 
Hellwig was the first to 
voluntarily place an expiration 
date on all its PAS products. 


This protects the patient 
from unpleasant side effects COLOR STANDARD 
and the danger of reduced 


efficacy often caused by lack of today all Hellwig PAS is manufactured 


the first to use this method of 
producing neutral sodium PAS of 
greater purity and with a const: nt pH value. 


freshness in the drug. to a definite numerical color standard. 


For Purity, Freshness, Taste e! PAS 


Hoblwig, g ne. 209 East Chestnut Street + Chicago 11, Illinois 
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~a drug of choice, par- 
ticularly when daily therapy is required.’ 


~with oral isoniazid — 
77 per cent clinical and/or roentgeno- 
graphic improvement.' 


— gives more rapid con- 
trol of the infection, and surgical pro- 
cedures are reduced in magnitude,” 


~ maintains the 
incidence and severity of recurrences at 
an insignificant level.? 


—as initial therapy — 
combines the two most highly effective 
agents without the danger of neurotoxic 
damage.’ 


These opinions were presented at the 
THIRD ANNUAL SYMPOSIUM ON ANTIBIOTICS 
Washington, 0. C., ber 2, 3 and 4, 1955 


by 1. Shubin, H., and Hetken, CA 
2. Morton, R. F.; LaCaitle, R. A; Gold, A., and Prigot, A 
3. Payne, H. M.; McKnight, V., and Harden, K. A. 


Supplied in single-dose vials containing 
1.4 Gm. Streptohydrazid (1 Gm. streptomyctl 
combined with 236 mg. of isoniazid) 


For flexibility and convenience in the treat- 
ment of tuberculosis, the following Pfizer 
antibiotic and chemotherapentic agents are 
also available — 
—Rubber-capped vials 
of 1 Gm. and 5 Gm. 


—Vials of 1 Gm. (2.5 cc.); 
5 Gm. (12.5 cc.). Also available in the NEW Stera- 
idge (1 Gm.). 


capped vials of 1 Gm. and 5 Gm. 
— Vials of 1 Gm. 
(2.5 cc.) and 5 Gm. (12.5 cc). Also in the NEW 
Steraject cartridge (1 Gm.). 
® (brand of isoniazid) —50 mg. scored tablets 
in bottles of 100 and 1000. 
® (brand of viomycin sulfate) — Si vials 
containing 1 Gm. and five-dose containing 
5 Gm. of viomycin base. 


neg Dry powder in 
vials containing 1 Gm. and 


PFIZER LABORATORIES 
Division, Chas. Pfizer & Co., inc. 
Brooklyn 6, 


Rubber- 
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@ The inhalation therapy which this bronchiaf 
asthma patient is using is unique, for these 
reasons: 

Patrent-ApDMINISTERED—as inconspicu- 
ously as stifling a yawn; so compact that it fits 
in the palm of the hand 

It Acts 1n Seconps. Just a few inhalations 
bring quick relief—almost as rapidly as with 
intravenous or intramuscular therapy. 

Ir Does Nor Mucous Memarane Se- 
cretTions, like epinephrine and certain other 
commonly-used bronchodilators 

Ir Has a Low INcipence or Serious Re- 
ACTIONS, because it does not exert systemic 

can you spot pressor action of any significance 

It's Nortsoprine in the Doctor 

. Why not keep a supply in your office? Then, 
the bronchodilator, you can ptr ‘its proper use, adjust 
dosage to your patients’ tolerance, 


D t » and get them started without delay (fbett 
octor. 


Suirarte Awworr) 
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d 
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AEROHALOR 


A NEW DESIGN FOR A 
PROVEN PRODUCT 

IN THE 

RESPIRATORY 
ASSISTANCE 

FIELD 


THE DOTCO DEEP BREATHER 


For use in the home or hospital by inexperienced personnel. Unit 
is set and sealed by the technician, to provide the desired breathing 
characteristics. One adjustment by the user allows demand, effort- 
less, or automatic breathing. 


PRICE $199.00 AS ILLUSTRATED 


THE DOTCO RESPIRATOR 


For use in the clinic, doctor's office, or hospital by experienced 
personnel. Simple adjustments allow any desired set of breathing 
characteristics for the patient. 


PRICE $239.00 AS ILLUSTRATED 
$235.00 WITH MOUTHPIECE 


Designed for Economy, 
Simplicity, Portability 


Both units employ the elements of the Halliburton Respirator 


Provides effortless deep breathing of oxygen and aerosol for the treatment of 
respiratory disorders, anoxia, respiratory acidosis, atelectasis, cardiac failure, 


pulmonary edema, and respiratory failure. 


An ideal respirator for open chest surgery and the recovery room. 


Patient controlled respiration and resuscitation 


Long breathing tube provides for maximum aerosol efficiency and concentration, 


with minimum rebreathing 


For piped oxygen systems, ask for the Halliburton Respirator on standard, less 


regulator. $235 with long tube 
DUNCAN OXYGEN THERAPY CO. 


DUNCAN, OKLAHOMA, U. S. A 
SOLD ONLY ON ORDER OF A PHYSICIAN 


EASTERN SALES DIVISION 
P.O. BOX 104 
WILMINGTON, DELAWARE 
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ORAL PENICILLIN 
WITH INJECTION PERFORMANCE 


Now! A 500,000-unit tablet for higher, faster blood levels 
than from injected procaine penicillin 


3.0 


2.5 
PEN-VEE+-Oral, 500,000 units, 
2.0 one tablet, 19 subjects’ 


_——. Procaine Penicillin G, 600,000 units, 
one injection, 10 subjects’ 


15 


Supplied: Tablets, 500,000 
1.0 units, scored, bottles of 12; 200,000 units, 
. scored, bottles of 36. 
Also available: Brcm.in®-Vee Tablets, 
100,000 units of benzathine penicillin G 
0.5 and 100,000 units of penicillin V, bottles 
of 36. 
1. Pumom, LE, Wright Nunsio, A, and Welch, 4 


WW, De 
Antibiotics Anevol 1955-1956, p. 484, Table 
0 0 2. Price, A.M. Persone! communication, 


penicillin units/ml. serum 


HOURS AFTER ADMINISTRATION 


Penicillin V, Crystalline (Phenoxymethy! Penicillin) 


Wyeth 


1, Pa. 
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“Trademeart 


impressive about DIONOSIL is the fine way it 
does its job: then gets out fast 


Lung fields become radiologically clear a few days after 
a Dionosil bronchogram. In that brief span the radiopaque 
is completely absorbed into the blood stream 


and excreted in the urine. No free iodine is liberated in the 


process; there is no risk of iodism. It is easily administered 
by instillation or intubation. Bronchi are outlined rather than 
solidly filled, the shadows persisting for at least thirty 
minutes allowing ample time for examination. 


All of which is why Dionosil is rapidly becoming the 
bronchographic medium of choice among radiologists who 
have used or have seen it used. 


DIONOSIL 


new and superior contrast medium 


for bronchography 


Available in two forms: DIONOSIL, an aqueous suspension 
(iodine content about 30%) and DIONOSIL OILY, a sus- 
pension in arachis oil (iodine content about 34%) of propyl- 
iodone* a product of Glaxo Laboratories, Ltd., British rma- 
ceutical house of world repute 

*n-propy! ester of 3.5 dilodo-4-pyridone-N-acetic acid 


ASK FOR BROCHURE “Bronchography 
with Dionosil”—methods for instillation 
and intubation—patient posturing, radio- 
graphic technic, etc. Profusely illustrated 
with plates and diagrams. Available from 
ro local Picker office or write us at 
5 South Broadway, White Plains, N. Y. 


7 

Right side performed with 

oil; left side with Dionosil 
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NOW 
SAFE, EFFECTIVE 


SURGERY” 


CLORPACTIN® WCS-90 


@ BACTERICIDE ® FUNGICIDE ®@ VIRUCIDE 
TUBERCULOCIDAL SPORICIDAL 


@ SOLVENT FOR NECROTIC DEBRIS 
DEODORIZING 
YET NON-TOXIC @ NON-IRRITATING NON-ALLERGENIC 
IN USE CONCENTRATIONS 


Available for topical antisepsis 


BONES CONTAINING J-2em. BOTTLES, EACH 
SUPFICIENT TO PREPARE ONE OUART OF TION. 
Sanders, Murray, & Soret, Manvel Wolinsky, Emanuel Smith, Marjorie 
tivity of WCS-90 M. Steenken, William Tuberculocidal 


G. Virucidal activi 
Antibiotics & Chemotherapy, Vol Activity of Clorpactin, The New 


Vol. 90, July, "55. 5, No. 11, Nov. 1955. Chlorine Compound Antibiotic 
Medicine, Vol. |, No. 7, July 1955 


GUARDIAN CHEMICAL CORP. 


38-15 30th Street, Long Island City, N. Y. 


Swanker, W. Ax The use of Clor 
pactin WCS-90 as an Antiseptic in 
Surgery. Amer. Jrni. of Surgery, 
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amounts of nutrients sho 
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MINERALS 


Magnesium 
Manganese 
Potassium 
Zine 


VITAMINS 


*Vitamin A 


Biotin 

PROTEIN 

CARBOHYDRATE 
AT 


*Nutrients for which daily dietary allowances are 
recommended by the National Research Council 


to “balance” the bland diet... 


Whenever bland or special diets are re- 
quired for your patients, Ovaltine in 
milk serves to help achieve good nutri- 
tional balance. Energy-packed, vitamin 
and mineral rich, this tasty beverage 
provides the nutritional extras to assist 
in combating stress, infections or other 
resistance-draining influences. 

Ovaltine steps up those elements in 
which milk is lacking ... the B vitamins, 
ascorbic acid and iron levels, to equal 
or exceed minimum daily requirements. 


The “finicky” patient, old or young, 
who takes milk under protest usually 
looks forward to his drink of Ovaltine. 
It adds interest, flavor and zest to the 
diet. Because it reduces the curd ten- 
sion of milk more than 60 per cent, it is 
extremely easy to digest and kind to 
the most delicate stomachs. 

Served either hot or cold, Ovaltine in 
milk is a universal favorite at meals, 
bedtime, or during the morning and 
afternoon “breaks.” 


OVALTINE” 


The World’s Most Popular Fortified Food Beverage \ Wali 


The Wander Company, 105 W. Adams St., Chicago 3, III. 
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Wz 


is the word 


for Noludar 


Mild, yet positive in 


action, Noludar 'Roche' 


is especially suited vr... 


for the tense patient + 


who needs to relax and 


remain clear—headed— 


or for the insomniac 


who wants a refreshing 


night's sleep without 


hangover. Not a 


barbiturate, not habite 
forming. Tablets, 
50 and 200 mg; elixir, 


50 mg per teasp. 


Noludar® brand of sethyprylon 


(3, 3-diethy1-5-sethyl- 


2,4-piperidinedione) 


Original Research in 


Medicine and Chemistry 
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ERRATUM 


The writers of the article which appeared in the February, 1956, issue of 
the Revirw (volume 73, page 229), entitled “Lymph Node in 
Neck, Axilla, and Groin,” wish to call attention to the omission of the follow 
ing paragraph which should be inserted in the text at page 230 just before the 
paragraph beginning “The process can be arrested at this pout 


Pubereuloss 


“In the next phase tubercles and enseation necrosis are 


present 
brous tissue forms about the nodes binding them together 


the so-called 


‘perigiandular fibrosis.’ The swelling may be slightly smaller and the noc 


ire matted, firm, and not tender. The fever has disappeared 
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THE “QUIESCENT” TUBERCULOUS BRONCHUS' * 
A Review with a Study of Its Surgical Connotations 
KENNETH L. HARDY ann PAUL C. SAMSON 

Received for publication August 16, 1955 


INTRODUCTION 

During the past two decades the progress in the treatment of pulmonary 
tuberculosis has effected a continuously changing pattern of thought among 
students of the disease. It is the purpose of this paper to re-emphasize the im 
portance of the bronchial factor in the over-all evaluation of pulmonary tuber 
culosis, to stress certain hitherto unmentioned concepts relating to tuberculous 
tracheobronchitis, and to suggest specific recommendations for the manage 
ment of the patient with this complication who is a candidate for excisional 
surgery 

Criteria to reduce postoperative bronchial complications will be presented 
on the basis of a correlative clinical, bronchoscopic, operative, and pathologie 
study of 105 cases in which resection was performed for pulmonary tuberculosis 
The patients were all studied consecutively in the period between September, 
1952, and June, 1954, on the Thoracic Surgery Service at Highland-Alameda 
County Hospital 

The literature on the treatment of tuberculosis during the last few vears has 
been largely concerned with descriptions of new drugs and dosage regimens, 
discussions concerning the viability of the tubercle bacillus in vireo under pro 
longed chemotherapy, and reports of increasingly impressive series of surgical 
resections. With well-standardized techniques, pulmonary excision in tuber 
culosis has come to occupy a stable position in our therapeutic armamentarium 


and its indications are constantly being extended. Nevertheless, in spite of 


progressively improving mortality statistics, bronchopleural fistulas and bron 


chial stump uleers continue to be reported in appreciable numbers. [t is clear 
therefore, that prolonged chemotherapy has not lessened the need to consider 
the bronchial factor, and the importance of accurate preoperative evaluation ol 


the lower airway cannot be overemphasized 


‘From the Thoracie Surgery Service, Highland Alameda Count Hospital, Oakland 
California 

? Originally the theme of the 1954 California Trudeau Society Prize Easay won by the 
senior author. Award presented at the annual meeting of the California Tuberculosis and 


Health Association, San Franeiseo, California Apnl 1-3, 1954 
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REVIEW OF THE LITERATURE 


The pre-streptomycn era, a period of recognition and concern: Louis (1) first briefly de 


scribed the pathology of tubers ulous tracheobronchitis in (2) gave 4 more 


cogent discussion, and Cornet (3) attempted a pathologic classification Habershon (4) 
and Minkovsky (5) both found tuberculous involvement of the trachea in 10 per cent of 


routine unselected autopsies. Bugher, Littig, and Culp (6), however, are helieved to be the 


first to have appreciated the true pathologic significance of the condition. These workers 
studied 122 cases of death due to pulmonary tuberculosis, and described tuberculous le 


sions of the trachea and major bronchi in 41 per cent of them. They coneluded that, in 


general, the pathogenesis of the condition was on the basis of surface infection due to con 


tact with bacillus-rich sputum. They did recognize the possibilities of peribronchial 
itie extension and of infeetion by contiguous Invasion of the bronchus 


In the early nineteen thirties loesser (7), Haslinger (S and Jackson and Jackson (9) 


ivanced stenotic lesions of the bronchial tree in tuberculosis. In 1956, 


each des me 


one of the present writers (10) first def ned the clinical syndrome of tuberculous tracheo 


bronchitis. The bronchoscopic appearances were classified as nonuleerative, uleerative 
hyperplastic ind fibrostenotic: the serious prognosis of the diseas® was accurately as 
ceased. On the basis of this tudy, certain capricious and previousl) unexplained symptoms 


in tuberculous patients became more understandable. Varying degrees of bronchial 


clusion produced by tuberculous tras heobronchitis were found to account lor the clintenl 


manifestations of wheezing, rhone hi. asthma-like attacks, cyanosis and evelic changes 


in temperature and sputum volume 
Likewise, cause for the various roentgenographic patterns of obstructive emphysema, 
atelectasis, and the raprl appearance and disappearance of “blocked” or “tension” 
cavities became manifest. Shipman (11) pointed out that pneumothorax was contra 
indicated in the presence of tuberculous trae heobronchitis because of the high incidence 
of atelectasis, suppuration, and empyema, and some thoracoplasty failures became readily 
explicable. MeIndoe and associuites 12) made the first systematy study of the clinical 


incidence of the disease by performing routine bron hoseopy in 272 patients consec utively 


admitted to tuberculosis hospitals. In 11 per cent of these patients bronchoscopic ey idence 


of tuberculous involvement of the trachea and major bronchi was found 


Following the stimulus of this study, numerous articles appeared in the literature (15, 


14) stressing the importance of bronchoscopy in the recognition and treatment of tubercu 


lous tracheobronchitis; use of both local chem al and electrical cautery techniques was 
investigated as well as the possible value of roentgenographic therapy. In 1041, Tuttle and 
eo-workers (15) illustrated the inadequacy of these treatments and re-emphasized the 


serious prognosis of tuberculous bronchitis. They again stressed the significance of the 


evndrome which Eloesser had deseribed almost a decade before as “the stepchild of clinical 
medicine.” In the study, by Tuttle and associates, one third of 92 patients with treated 
tuberculous tracheobronehitis were dead within one year, and the status of the tuberculo 
six in another third was classified as unstable The high incidence of pneumothorax 


catastrophies in the presence of this entity was pointed out and the writers half-hearted] 
us a solution to the problem Other studies (16, 17) stressed 


probably should be the mainstay of 


recommended thoracoplasty 
similar pointes It was suggested that thoracoplasty 
therapy in these difficult cases but that a certain percentage of the patients should have 
pneumonectomy 

In 1944, Overholt and Wilson (18) presented the first significant series of resections in 
tuberculosis. Their operative mortality was 11.6 per cent in 60 cases. Thirty-two per cent 


of the patients were interpreted as having bronchoscopic evidence of tuberculous tracheo 
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bronchitis preoperatively. The writers stated that an endobronchial lesion, regardless of 
its activity, was not necessarily a contraindication to excisional surgery and that the 
tuberculous bronchus would heal. In the light of present concepts, this is an interesting 
statement from the pre-streptomycin era. Meissner (19) made the first significant patho 
logic study of surgical specimens by examining the material from the Overholt-Wilson 


series and found endobronchial tuberculosis of the major bronchi in 52 per cent Two of the 


patients in the group which survived operation developed bronchopleural fistula and 5 


had post-resection ulceration of the bronchial stump 


The trend of thought of this era may be summarized as follows: 


Tuberculous tracheobronchitis had been recognized as an entity largely through the 
increasing use of bronchos¢ opy 

Its presence explained many previous enigmas in tuberculous patients, and its seri 
ous Prognosis Wis stressed 

Active tuberculous bronchitis was believed to contraindicate pneumothorax and 
frequently, thoracoplasty; its dangers in resection were recognized in the acute phase 
but there was increasing agreement that, in the healed or stenotic stage, resection 
might be considered as an alternative to thoracoplast \ 

In the uleero hyperplastic stages, treatment was limited to local cauterization with 
silver nitrate of phenol, electro-surgical desiccation, and radiation therapy; the re 
sults from these techniques were far from gratifying, as was pointed out so well by 
Myerson (20) and others 


The early streptomycin era, a period of complacency: Following the report on streptomi 
cin by Waksman and his associates in 1944, its efficacy in clinical tuberculosis was demon 
strated (21, 22). It was soon appreciated that the most dramatic effects of streptomycin 
were in miliary and meningial tuberculosis, in acute pneumonic disease, and in’ tracheo 
bronchial ulceration. In these forms of tuberculosis, streptomycin demonstrated its 
superiority over any previous treatment. In 1947, working with both parenteral and aero 
sol short-term streptomycin treatment, Brewer and Bogen (23) showed complete bron 
choscopic healing of severe uleero-hyperplastic tuberculous tracheobronchitis ino a high 
percentage of cases These observations were later confirmed in a group of 62 patients 
(24) 

Progress in antituberculous chemotherapy has been extremely rapid. The pieture of 
tuberculous tracheobronchitis has been markedly altered since the advent of streptoni 
cin, para-aminosaliceylic acid (PAS), and isoniazid, and the development of long-term 
regimens of various combinations of these and other antituberculous drugs. O Keefe 
(25) pointed out that, under these newer circumstances, specific tracheobronchitis now 
approached tuberculous laryngitis in frequency, being present im 2 to 4 per cent of 
all cases of tuberculosis. He warned, however, that two small groups of patients still 
continued to be severe problems: those with progressive endobronchial disease in the 
face of drug-resistant infections: and those with signs of bronchial obstruction and col 
lapsed lung due to the compressive effects of extrabronehial tuberculous lyriph nodes 
The latter phenomenon is particularly characteristic of primary infections in children 

The histopathologic studies of Olson and associates (27 harply contrasted witl 
Keefe’s clinical and bronchoscopic observations. Olson and his associates found tl 
28 per cent of specimens from minimal cases had active endobronchial tuberculosis 
the specimens from moderately and far advanced cases, 35 per cent and 48 per 


respectively, had endobronchial lesions on microscope 
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Coincidently with the changing scene in tuberculous tracheobronchitis under pro- 
longed chemotherapeutic programs, an unwarranted complacency seems to have arisen 
regarding the bronchial factor in relation to excisional surgery 

The contemporary era, a period characte rized by a renascence of concern: In 1953, Roll 
(28) reported a 24 per cent incidence of postoperative bronchial stump ulee~ in a group 
of 400 resections performed between 1946 and 1951 While long-term chemotherapy was 
not being used during that period, it is certain that most of the patients had had some 
form of antimicrobial therapy. The writer related the high incidence of uleer to the ap 


pearance of streptomycin-resistant infections and believed that under prolonged regi 


mens the future would be brighter with respect to the complication. A more recent report 
from the same clinic confirms the accuracy of this prophecy (29) 

Murphy and Becker (30) reported a series of 102 patients who had had short-term 
streptomycin protection in connection with resection procedures. The total mortality 
rate was 9 per cent; bronchopleural fistula oceurred in 9 cases. The writers stated that 
pulmonary resection for tuberculosis could be performed with a reasonable mortality, 
but that bronchopleural fistula and late reactivation of disease were the major morbidity 
problems to be solved. Bronchial fistula was further emphasized by the same writers 
(31) when they compared the complications and mortality in 30 cases of post-resection 
bronchopleural fistula treated during 1945-1950 with 15 cases treated during 1951-1952 
The preoperative appearances of the bronchi were not described in either paper 

In 325 consecutive resections reported by Gale and co-workers (52), there were six 
bronchopleural fistulas in the 1S postoperative deaths. Thirteen additional fistulas 
occurred among the survivors for a fistula incidence of 6 per cent These authors, like 
wise. did not mention the status of the bronchus at the time of surgery 

Overholt, Wilson, and Gehring (33) reported 437 resections performed between 1934 
and 1950. They compared various complications in the pre and post-streptomycin era 
Although an average decrease of more than 50 per cent in bronchial complications was 
noted. bronchial fistula, stump ulceration, and empyema were not eliminated in the 
post drug era 

The accompanying table combines Steele's (34) statistics from the thirteenth annual 
Veterans Administration Army-Navy Conference in 1054 with similar figures from the 
fourteenth Conference in 1955 (35). Consecutive cases are recorded below covering the 
period from July, 1952, to July, 1954 The reporting hospitals have maintained well 


controlled chemotherapeutic protocols 


Sumber of 


Death 


Poneumonectomy 
Lobe« tomy 
Segment il resection 


Decortication with resection 


From analysis of this table it is obvious that bronchopleural! fistula is also a continuing 
problem in the government hospitals. | nfortunately, there is no available information 


on preoperative bronchos« opie appearances in these cases 
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Other figures from the report of the 1955 Conference give support to the contention 
of some that re-treatment cases constitute more of a fistula problem than those of pa 
tients who had had resections during the initial course of chemotherapy. Thus, in the 
pneumonectomy series, one-fourth had received no previous chemotherapy and one fis 
tula developed; three-fourths of the patients were under re-treatment and seven fistulas 
developed. With lobectomy, slightly more than 50 per cent of the patients were receiving 
chemotherapy for the first time and eight fistulas developed; in the remaining 48 per 
cent, sixteen fistulas developed. In segmental resections, 60 per cent of the patients were 
receiving their initial chemotherapy and 15 developed fistulas; 40 per cent were under 
re-treatment and there were 23 fistulas. It is well to emphasize that the experience of the 
present writers is not in agreement with this general concept that previously treated 
patients necessarily constitute more of a problem with respect to fistulas when surgery 
is eventually performed 


* * 


From the foregoing reports certain conclusions may be drawn concerning 
tuberculous tracheobronchitis under drug treatment 

Chemotherapy results in fairly rapid epithelial healing of the tuberculous 
bronchus in a large percentage of cases. This accounts for the decreased incidence 
of acute obstructive episodes which were seen clinically in ulcero-hyperplastic 
cases prior to drugs. Bronchoseopie evidence of severe ulcerative bronchial dis 
ease is seen with dramatically reduced frequency in drug-treated patients. 
During chemotherapy most tuberculous bronchi will, in time, assume a grossly 
“quiescent” appearance 

The bronchial wall itself may continue to harbor tuberculous disease in spite 
of mucosal healing. This is borne out by the continued finding of active micro 
scopic mural tuberculosis in both pre- and post-drug resection specimens in an 
unchanged incidence. Such observations on mus osal healing tend to confirm the 
views of Auerbach and associates (36), and of Medlar (37) that under strepto 
mvyein treatment there may develop re-epithelization of both the broncho 
cavitary junction and the entire cavity. Possibly akin to this tissue response is 
the “bullogenic’’ effect of isoniazid which has been noted by a number of ob 
servers, including the present writers, and which the French writers aptly term 
“chemical caseotomy” with epithelial healing 

Because of these facts, we cannot be complacent about the bronchus when 
selecting cases for excisional surgery. Strict attention to the bronchial factor, it 


is believed. will materially reduce the incidence of brone hopleural fistula post 


operatively. Until this point is appreciated, the ineidence of fistula will remain 


inordinately high 
rHE QUIBSCENT’ TUBERCULOUS BRONCHUS 


What then, in terms of practical eniternia, must we apply to the bronchus 
when considering resection, remembering that the decision is made strictly on 
bronchoscopic grounds? In concept, the quiescent bronchus is one in which the 
desired state of “inactivity” or “healing” has been attained. It is an infected 
bronchus which is safe to transect. Bronchoseopically, such a bronchus will 


show an intact mucous membrane which is usually pale, but may be thickened, 
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opaque, and thrown into longitudinal folds. Septal blunting is frequent. Fibro- 
stenosis may or may not be present. By contrast, weeks or months before, this 
same bronchus would have shown any or all of the accepted signs of active 
specific infection, such as, visible ulceration; granulation tissue: congested, 
oomng, granular mucosa (frequently defined as “red hot” and “beefy’’); ex 
tensive edema; or uleerostenosis 

Is it reasonable to insist that the bronchus be quiescent prior to resection ? 
An analysis of the surgical results at the Highland-Alameda County Hospital 
suggests that such a policy is wise. The consecutively operated cases which had 
accumulated during a twenty-two-month period now have been followed for 
more than a year after resection. Similar criteria used in the determination of 
suitability for resection, both in private practice and in two other service hos 
pitals during the same period, have strengthened the writers’ belief in this 
concept, 

The teehniques of bronchial closure and coverage used by the present writers 
are evidently similar to those of most thoracic surgeons. Briefly stated, the 
procedures consist of ensuring a “flush” bronchial amputation to obviate stasis 
ol secretions and pocketing; the use of meticulous on-end interrupted fine silk 
sutures; and a general practice of reinforcing the closure with areolar tissue or 
pleura unless it seems likely that the suture line will naturally be covered by 
adjacent living pulmonary or mediastinal tissue. 


OBSERVATIONS 


One hundred and five patients underwent resection from September, 1952, 
through June, 1954. There were 10) pneumonectomies, 55 lobectomies, 33 
segmental resections, and 7 subsegmental resections 

Thirty seven patients were classified as poor risk by the anesthesiology Service; 
1) were considered “pure salvage attempts” by the referring physicians. Of the 
latter, all but 3 are now noninfectious Forty-seven patients (45 per cent) were 
on retreatment regimens of chemotherapy, Contrary to Murphy’s opinion, 
it is not believed that the re-treatment status alters the percentage of surgical 
bronchial healing, provided quiescence has been reached Six patients of the 
entire series showed a quiescent bronchus but their strains of tubercle bacilli 
were resistant to isoniazid, streptomycin, and PAS when they were being con 
sidered for resection. These patients were successfully protected by pyrazinamide 
during the surgical period. 

There were no stump breakdowns (bronehopleural fistulas) and no stump 
ulcers in the entire series. The single death occurred five days after extrapleural 
pheumonectomy of a patient who had had a bronchopleura! fistula and empvema 
following lobectomy across a “red” bronchus in 1950 

At the time of operation all of the 105 patients met the bronchoscopic criteria 
for a normal or a quiescent, ie., transectable, bronchus Microscopic examina 
tion of the surgical specimens showed that 52 (47.5 per cent) had recognizable 

* Includes 16 patients with segmentectomy and one patient with bronchial anastomosis 
in addition to lobeetomy 
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tuberculous tracheobronchitis in the proximal resected bronchus. Of the 38 con 
sidered on brone hoscopic examination to show specific bronchial disease, there 
Was eventual microscopic correlation in 33 (87 per cent) (figures | and 2). bive 
showed only nonspecific inflammation microscopically (figure 3). Thus, the 
bronchosqopic diagnosis of tuberculous infection was correct nearly nine times 
out of ten 

Conversely, in 67 of the 105 patients the bronchus was considered normal 
throughout the course of treatment, vet 10 (28.4 per cent) were proved to have 
sper ihe brane disease Ob TALC examination ol the resected specimen 
(figure 4). This may be classified as a bronchoscopic “error” in estimating not 
maley, once in four times. Practically, however, all of these bronchi had an 
intact mucosa and healing was therefore certain, especially under the continumg 
protection of drugs. The good healing potential of this type of bronehus ts fut 
ther borne out in 5 cases in the series which were explored as carcinoma suspects 
without drug protection All patients healed, vet 2 showed active submucosal 
tuberculous bronchitis On examination 

Of the 3S patients whose diagnoses were active tuberculous bronchitis at some 
time prior to resection, only 9 (23.6 per cent) achieved quiescence in a muininun 
of six months on the usual regimen of bed rest and streptomycin-PAS. Twenty 


nine (76.3 per cent) required additional chemotherapy as follows 


Isoniazid therapy was added in all 29 patients and 20 achieved a quiescent bron 
chus within three months. In 7 patients, pre-resection thoracoplasty was required 


as a further aid for bronchial healing (figures 5-S). In 2 patients, aerosol therapy 


rep bronchoscopies were successful in establishing improved ivitary 


dramage and concomitant bronchial quiescence, 


\s stressed above, adherence to the concept of a quiescent bronchus likewise 
has been valuable on the writers’ two other hospital services, On the Thoracic 
Surgery Service in San Joaquin General Hospital at Stockton, California, where 
the tuberculosis surgery is performed for Bret Harte Sanatorium, 28 resections 
were performed from 1946 through 1951 (38). There were four bronchial fistulas 
From January, 1952, through May, 1955, 46 additional resections were per 
formed and there were no fistulas. Ninety-five consecutive resections were per 
formed at the Veterans Administration Hospital, Livermore, from 1946 through 
1051 (39). Six patients developed bronchial fistulas. From July, 1952, to Janu 
ary, 1955, an additional 100 pulmonary resections for tuberculosis were per 
formed. There was one postoperative empyema without demonstrable fistula 

If the pale or quiescent bronchus is safe to transect even though endomural 
disease exists, is the incidence of bronchial fistula increased if the red or active 
bronchus is transected? At Highland Hospital during the twenty-six-month 
period, June, 1950, through August, 1952, 101 resections were performed in 
tuberculous patients and there were eight bronchopleural fistulas (7.8 per cent) 
In 18 cases, the immediate pre-resection bronchoscopic note stressed a “red” 


or “beefy” bronchus. It is signifieant that all of the eight instances of broncho 


pleural fistula fell within this group. Only one was a re-treatment ease, Thus 44 
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Fie. 1 (Top). Photomicrograph (18.5) showing large caseous tubercle in adventitia of 


transected bronchus. Epithelium is intact 
tracheobronchitix with ulceration, On antimicrobial therapy the 


Patient previously had bronchoscopic diagno 


six of acute tuberculous 
bronchus became ‘quiescent’’ in seven weeks: was transected without ine ident. Note that 


mucosa had healed but mural tuberculosis persists 
Fig. 2 (Bottom). Photomicrograph (23) showing extensive submucosal infiltration of 


lymphoeytie tissue studded with tubercles, with resultant | 
had been chronic tracheobronchitis; hus 


sronchostenosis of transected 


apical segment bronehu The diagnosis 


spico- posterior resection of right 


considered “quiescent” healed per primum following 


upper lobe 
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Fic. 3 (Top). Photomicrograph (23). This is an example of chronic nonspecific bron 


chitis diagnosed as tuberculous tracheobronchitis bronchoscopieally, Patient had extremely 
red and edematous right upper lobe bronchus with elinieal evidence of tuberculous tracheo 
bronchitis. In spite of streptomycin-PAS, improvement wa low during three monthe 
After addition of isoniazid to regimen, the bronchus became bronchoscopicall quiescent 
in six weeks. Note only diffuse lymphocytic infiltration in mucosa and submucosa of tran 
sected bronchus. Bronchus healed per primum after transection 

Fia. 4 (Bottom Photomicrograph (* 35.5 Note submucosal tubercles and giant cells 
in wall. Mucosa shows squamous metaplasia. bronchus was thought normal from outset 


It healed pe primun The poutie nt had been on long-term chemother ip 
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Fic. 5 A. Patient had previously been treated with streptomycin PAS under sanatorium 
management for right upper lobe cavitary disease which responded with cavity closure and 
reversal of infectiousness. The patient left the hospital against medical advice and dis 
continued treatment. One vear later she returned and presented the condition illustrated. 
The patient was toxie and moribund at this time 

B. After one vear of retreatment with streptomyein-PAS isoniazid, the patient was 
dramatically improved, but sputum continued infectious, and a wheeze and giant right 
upper lobe cavity persisted Brome hoscops revealed continuing redness and uleeration of 
the right upper lobe bronchus. This improved somewhat on ser wol therapy, but not to the 
of quiescence 

(. Within four weeks after a three-rib thoracoplasty and discontinuance of pneumo 
peritoneum, the bronchus became quiescent ; cough and wheeze were markedly improved 

D. Resection of the right upper lobe and lateral segment of the right middle lobe was 
carried out five weeks after thoracoplasty, and six weeks after the bronchus was grossly 
“setive,” without complications. The patient's disease is noninfectious eighteen months 
later. She i« «till receiving daily isoniazid-PAS. The bronchus in this case demonstrated 
endomural tuberculosis on microscopire examination 
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Fic. 6 D. Photomicrograph (18.5). Note extensive tuberculous endobronchitix with 


regenerating Mucosa 


per cent of the bronchi deseribed as red, granular, beefy, or ulcerated immedi 
ately prior to resection developed major postoperative fistulas (figures 9-11) 

All of the 18 patients had been on multiple-drug therapy prior to resection 
for a minimum of five months; 3 were on re-treatment regimens. Sixteen of the 
eighteen resected specimens revealed specific tuberculous tracheobronchitis on 
microscopic examination ; the other two showed nonspecific inflammatory change 

It is obvious that in many of the patients treated surgically prior to Septem 
ber, 1952, transection took place, when a quiescent bronchus, as the term is 
now applied, had not been achieved. When bronchi with red or granular mucosa 
are transected, a few will heal without drug therapy and a few more will heal! 
with drugs, but it is within this group that fistulas will develop. If, however, 
one adheres to the principle of achieving quiescence within this group, a marked 
reduction in postoperative bronchial complications will result. Approximately 
10 per cent of red bronchi as viewed bronchoscopically will show only nonspecific 
bronchitis on pathologic examination. These changes are undoubtedly due to 
the trauma of harassing cough, the mechanical effect of prolonged drainage of 
sputum over the mucosa, or possibly to torsion factors. While a certain predic- 
tion cannot be made on bronchoscopic examination alone, nevertheless, to be 
safe, one is obliged to consider all red bronchi as tuberculous in the tuberculous 
patient, In the opinion of the writers, biopsy is neither necessary nor justified 
in attempting to make this differentiation 
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Fra. 8 A. Multiple cavities in destroyed right lung with giant cavity in the right upper 
lobe. The left lung was always st ible. The bronchus was ulcerated and “‘beefy”’ red in 


spite of six months’ drug therap) Pneumonectomy was indicated, but bronehus was too 
for resection 

B. Bronchus became quiescent after a two-stage six rib thoracoplasty, following which 
yu rformed eight weeks later without incident. The course has been 


pnheumonectom vue 


uncomplicated siner 


Fico. C. Photomicrograph (35.5), illustrating submucosal tuberculosis in proximal 


bronchus of resected specimen 
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X23) of a patient with a red, ulcerated bronchus at the teim 
Note the similarity 


Fic. 9. Photomicrograph 
of resection in 1951 who developed an immediate postoperative fistula 


of the endomural microscopic disease to those cases of bron hoscopically quiescent bron 


chi, except that under the microscope there is uniformly more cellularity and patehy mu 


cosal uleeration 


Fic 10 Transes tron took place across a red of wetive bronchus in 1051 with earl 


stump breakdown and fistula formation Note uleero-hyperplastic mucosa and caseating 
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Fig. 11. The immediate pre-resection bronchoscopic note stressed a beefy red, ulcerated 
mucosa. Lobectomy was followed by early bronchopleural fistula. Note that the proximal! 
resected bronchus shows a sloughing, caseating mucosa and submucosa This condition t» 


another example of why red bronchi are dangerous to transect in the tuberculous patient 


MEANS OF ACHIEVING THE QUIESCENT BRONCHUS 


Prolonged chemotherapy is the best method for achieving the quiescent 
bronchus. In general, streptomycin-PAS is employed as long as the pulmonary 
lesion continues to clear. The maximum benefit to the bronchial lesion to be 
obtained by chemotherapy is usually evident within a six- to twelve-month 
period If the pulmonary lesion is then considered for resection but the bronchus 
is still inflamed, isoniazid is added in an average dosage of 300 mg. per day. Re 
cent evidence suggests that isoniazid doses as high as 800 mg. per day may be 
even more beneficial. In the experience of the writers, no more than three months 
on added isoniazid therapy for the bronchial lesion is justified in view of the 
importance of operating on the pulmonary disease without too great delay 

Further steps which may be employed to achieve a quiescent bronchus are 
extrapleural thoracoplasty; the abandonment of unsuccessful pneumothorax 
and pneumoperitoneum; Monaldi catheter drainage and cavernostomy either 
alone or as a supplement to thoracoplasty; and aerosol nebulization techniques, 
both continuous and intermittent. The last-named procedures are most fre 
quently used in conjunction with repeated bronchoscopies and an intensive 
course with broad spectrum antimicrobials. The slightly differing indications for 
employing these procedures may overlap. Nevertheless, their use singly or in com- 
bination decreases the amount of sputum; decreases the size of giant cavities and 
does away with tension characteristics; corrects impaired bronchopulmonary 
drainage and obviates the possibility of secondary pyogenic infection within the 


lung 
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The most frequently used of these ancillary measures is thoracoplasty, pref- 
erably performed while the patient's infection is still drug-susceptible. This is a 
tailoring procedure and not necessarily a classical thoracoplasty, although staged 
rib removals up to six ribs may occasionally be advisable. Often giant upper 
lobe cavities are partially closed and excessive amounts of sputum are greatly 
reduced. In all of the 7 cases in which this scheme was followed, the bronchus 
became quiescent and early pulmonary excision was carried out. Two of the 
7 cases met the bronchoscopic criteria following a three-rib thoracoplasty, and 
lobectomy was performed across & quiescent bronchus within four weeks of the 
time when acute tracheobronchitis was last seen bronchosecopically. In both 
patients operative wounds healed per primum. It appears, therefore, that, when 
resection is otherwise indicated, it should be performed as soon as possible after 
a quiescent bronchus has been achieved. This usually allows for effective drug 
protection to continue for a prolonged period following operation 

Both Monaldi drainage and cavernostomy have been used on rare occasions 
in lower lobe cavitary disease when extensive thoracoplasty would functionally 
sacrifice normal lung. These procedures are effective in reducing the amount of 
infectious sputum pouring over the inflamed bronchus to a degree at which 
quiescence will occur and resection is then safe. If a patient’s disease is unsuitable 
even for thoracoplasty, external drainage of an upper lobe tension cavity will 
also cause bronchial improvement. 

Oceasionally the adjustment or abandonment of reversible collapse procedures 
will reduce bronchial tree distortion sufficiently to permit adequate mechanical 
drainage of parenchymal foci and blocked cavities. 

Continuous aerosol techniques, using the Mistogen apparatus (40) contaming 
a surface wetting agent (Triton WR® 1339) and a bronchodilator (Isuprel* 
have been employed in conjunction with repeated bronchoscopies and tetracy 
cline and related compounds. In difficult lower lobe or thoracoplasty-tailure 
causes, ih which active endobronchial disease has been unresponsive to chemo 
therapy, these maneuvers have shown promise in speeding bronchial repair by 
improving parenchymal drainage and reducing secondary infection 

Mention should be made of steroid hormones only to condemn them. Their 
use in the attempt to salvage two patients with severe tuberculous bronchitis at 
the same institution during 1950 and 1951 was reported by Mever, Kinsell, and 
Parsons tl Both patients died postoperatively, one from bronchopleural 
fistula and the other from acute cardiac failure. Each surgical specimen showed 
extensive caseating endobronchitis without attempt at healing in spite of the 
achievement of a visibly quiescent bronchus preoperatively. In this instance, 
the concept of the quiescent bronchus was false, presumably because the anti 
inflammatory effect of the hormones masked the relentless nature of the advane- 
ing tuberculous process 

It is apparent that the primary healing of tuberculous bronchi may be unm 
formly attained by strict adherence to certain principles, Foremost of these is 
the absolute demand for a quiescent bronchus before excision is undertaken. 


Bronchi that appear normal in a tuberculous patient often show endobronchitis 
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on microscopic examination (25 per cent in the present series), yet are no problem 
in healing. Likewise, the bronchus of a healed fibrostenosis as shown by Gebauer 
(42), Paulson (43), and others is no problem. It has now been learned that the 
quiescent bronchus is also no problem. Problems arise when the inflamed bronchus 
in a tuberculous patient is ignored. Although such a reddened and inflamed 
bronchus may well be due to chronic nonspecific irritation, it should be treated as 
energetically as the parenchymal focus itself, if resection is to be undertaken and 


distressing morbidity avoided 
SUMMARY 


The history of the thinking on tuberculous tracheobronchitis has been reviewed 
and three periods are recognized: (a) the pre-streptomycin era, a period of recog- 
nition and coneern; (b) the early streptomycin era, a period of complacency 
and (¢) the contemporary era, a period characterized by a renascence of con- 
eer 

The tendency is noted of antituberculous chemotherapy to cause epithelial 
surface healing of the bronchus while submucosal and mural lesions persist. 

Exeluding gross technical difficulties, the status of the tuberculous bronchus 
at the time of transection is the chief factor which determines whether healing 
will take place. For all practical purposes, the condition of the bronchus can be 
accurately determined by a competent bronchoscopist. The concept of the “qui- 
escent” bronchus is presented. Although not a “healed” bronchus in the histo- 
pathologic sense, it will heal after transection in the surgical sense. Its broncho 
scopic appearance is presented and various therapeutic techniques to achieve it 
are deseribed 

It has been shown that bronchi with active tuberculous disease of the mucosa 
are the ones in which surgical relapse with fistula formation tends to occur after 
transection. Such bronchi have been variously described as ulcerated or “red 
hot” and “heefy 

It ix suggested that the “quiescent” bronchus be used as an additional criterion 
in determining the indications for pulmonary resection along with the status of 
cavities and sputum and the roentgenographie findings. Attainment of the 
quiescent state of the bronchial disease is the most important single factor in 
reducing bronchopleural fistula and bronchial stump ulcer following resection 
procedures for pulmonary tuberculosis 

The wisdom of this practice is demonstrated in the achievement of 105 consecu 
tive cases of pulmonary resection without a bronchial stump complication which 


have now been followed for more than one year 
SUMARIO 
El Bronquio Tuberculoso “Quiescente”’: Estudio de Sua Connotaciones Quirtirgicas 


Repasada la historia de los eonceptos de la traqueobronquitis tuberculosa, recondcense 
tres periodos a) era pre estreptomu mn reconocimirento preocupacion era temper 
de la estreptomicina —ceomplacencia?; (¢) era contempordnea——renacimiento de la preo 
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BRONCHIAL TUBERCULOSIS 


Niotase la tendencia de la quimioterapia antituberculosa a producir curacién superficial 
del epitelio de! bronquio sin mayor alteracion en las lesiones submucosas \ panriet sles 

Dejando aparte las grandes difieultades técnicas, el estado del bronquio tuberculoso al 
hacer el corte transversal constituve el principal factor con res pee to asi sobrevendra o no 
la cieatrizacién. Para todos los fines prdécticos, el estado del bronquio tubereuloso puede 
determinarlo con exactitud un broneoscopista competente. Preséntase el concepto del 


nquio quiescente”’ que, aunque no es un bronquio en el sentido tuber 
culoso, si cieatrizara des del corte transversal en el sentido quirtrgy 0. Describese su 
aspecto broncoseépico y menciGnanse varias técnicas terapéuticas para lograr tal resultado 

Demuéstrase que los bronquios con afeccion tuberculosa activa de la mucosa son aquéllos 
en que suele aparecer, después de la transeceién, recidiva quirirgica, con formacion de 
fistula. A esos bronquios se han aplic varios términos, como ulcerados rojo Vivor 


Sugiérese que, para determinar el “punto foeal’’ en la reseccién pulmonar se utilice el 


bronquic “quiescente’’ como cuarta pauta, junto con el cierre de las cavernas, el viraje del 
esputo vy la estabilidad radiografica. Todo considerado, éste es el factor mas importante en 
la reduecién de la fistula broneopleural vy la dleera del mufién bronquial 

Queda demostrada la cordura de esa filosofia por haberse tenido 105 casos consecutivos y 
mantenidos en observacion mas de un afio de reseccién pulmonar sin ninguna complicacion 


del mufién bronquial 


KESUME 
La bronche tube quiescent "> Etude de sex implications en chirurgue 


Ixposé des conceptions sur la trachéo-bronchite tuberculeuse I! : trois phases dis 
tinetes: a) bre pré-streptomycine—un probléme inquiétant est posé; b) début de lére 
streptomycine—optimisme?; contemporaine —renatssance du probléme inquiétant 

Les auteurs notent la tendance de la chimiothérapie A produire la cieatrisation super 
ficielle de la bronche par épithélialisation, sans modification appréciable des lésions de la 
et de la parol 

Les diffieultés techniques générales exceptées, c'est l'état de la bronche tuberculisée au 
moment of elle est seetionnée qui est le facteur principal de la cieatrisation ou du détaut 
de cieatrisation. En pratique, l'état de la bronche peut étre déterminé par un pectaliste 
en bronehoscopi | i conception ce la brone he scente”’ est exposé Bien que Vegard 
de la tuberculose cette bronche ne soit pas “‘guers la guérison chirurgicale sera acquise 
iprés sectionnement. L’aspect bronchoscopique est déerit: ainsi que diverses méthode 
ther ipeutiques 

Les auteurs suggérent de considérer la bronche ‘“‘quieseente’’ comme un quatriéme 
tere dans la détermination de l’objectif de Vexérése au méme titre que loblitération cavi 
taire, la négativation des crachats et la stabilisation s idiologique Ceci est indubitablement 
le facteur le plus important pour la suppression de la fistule broncho ple urale et de l'ul 
cération du moignon bron hique 

La <ayesse de cette conception est démont re par le suceés de la résection pulmonaire 
sans complications au niveau du moignon bronchique, dans 105 cas conséeutifs sulvis pen 


dant plus d'un an 
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An Application of Discriminant Analysis 
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INTRODUCTION 


The purpose of this paper is to explore the application of an actuarial predic- 
tion scheme to a medical problem. The all too common practice of accepting 
the generalizations of statistics as “facts” has led many to regard statistics with 
suspicion. To be sure, statistics does over-simplify, and the writers would be the 
first to agree that no exact forecast of the future can be made from the statistical 
analysis of data. It sometimes happens, however, that data are collected which, 
by themselves, yield neither information nor theory, and here statistics may be 
of some help. By the very fact of its over-simplification, statistics makes it pos 
sible to extract from the data some sort of system that in turn serves as a guide- 
post to areas in which further research may be fruitful. If it is kept in mind, there- 
fore, that statistics is not an answer, but only a tool to aid in the search for 
scientific principles, it may be that statistical methods which have proved practi 
cable in other fields will, upon trial, also prove useful in medicine 

In this paper is reported an actual trial of the statistical method of discrim- 
inant analysis with data collected from approximately 1,200 tuberculous pa- 
tients, the outcome of whose disease was known. The mathematical aspects of 
the method are presented in detail in the “Materials and Methods” section, 


below. 

The method is essentially a simple one. To reduce it to its most elementary form, one 
may imagine a problem in which a flower is to be classified as one of two species. The only 
difference between the two species is the length of the petals. It has been found, by 
measuring, that the average petal of species A is 3 cm. in length; and of species B, 5 em 
Thus, it is supposed that 4 em. is the separating, or critical score and, since the unclassified 
flower has a petal 4.2 cm. long, it is categorized as species B. 

However, the process is complicated a bit more by the fact that an “‘average’’ score 
is only a mid-point, which does not reveal anything about the actual distribution or 
spread of scores. Suppose, for example, that none of the species B flowers which were 
measured had petal lengths farther away from the average than one-half centimeter 
In other words, most of them fell between 4.5 and 5.5 em. Species A, on the other hand, 
had a wide distribution, ranging from 2 to 4 em. This would mean that a more accurate 
critical score would fall around 4.25 em., rather than 4 em., which would place the un- 
known flower with species A instead of B 

The original problem from which this method was developed was actually flower 
discrimination; Fisher (1), in 1935, used measurements of two species of iris to determine 
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a critical score. But four measurements were used: petal length and width and sepal 


length and width. In the case of more than one variable, we have an additional problem 


Does each of the variables have the same importance? If each does, the sum of the four 


measurements on each flower can be treated as a single composite variable. The critical 


score can then be determined in exactly the same way as before. That is, one first com 


putes the mean composite seore for each of the two species, which is of course the same 


thing as adding the means of the four original variables for each species. Then, if the 


composite variable happens to have the same spread in the two species, the critical score 


will simply be the mid-point between the two composite means. If the spreads are different, 


then the distance between the two composite means is partitioned in proportion to the 


two spread-magnitudes, and the partitioning point will represent the critical score 
However, the four variables usually do not have equal importance. For instance, the 


width of petals in species A may cover almost the same range for species B, with averages 
which are very close. In that case, it is difficult to differentiate the two species on the 


basis of petal width alone, Petal length, however, may be so distinet between the two 


species, with very little overlap in the respective ranges of measurements, that it is almost 


possible to base the decision as to species entirely on this variable. Petal length, in other 


words, has a higher correlation with membership in the different species and, in order to 
get full advantage of this high correlation, we assign a larger “weight” to petal length 
than to petal width. Similarly, weights are assigned to sepal length and sepal width in 
accordance with their relative importance in differentiating the two species With a 
different weight multiplied to each variable, a weighted sum of the four variables is 


obtained in which the relative importance has been balanced 


This weighted sum is used as a composite variable, and the process is continued as be 


fore, getting the two species-means of the composite variable and determining the critical 


score which serves as the simple guidepost for any unclassified flower (of one or the other 


of the two species): if its weighted composite score falls below the critical score, it belongs 


to species A; if above it, to species B. The main problem, therefore, is how to determine the 


optimal weights for the several variables used as discriminators. It is to this problem that 


Fisher's technique of discriminant analysis gives an answer. And the composite variable 


obtained as the weighted sum using these optimal weights is called the linear discriminant 


function 


In the present study, there are 13 discriminator variables involved in the 
patients with tuberculosis, including sex, age, various data on the state of the 


disease on admission to the hospital and on discharge, length of hospitalization, 
type of treatment, et cetera. Whether the patient was well or relapsed by a 


certain date is the fourteenth variable, and this was used as the criterion by 


which to separate the sample into two groups, the ‘well’ and the “relapsed.” 


The correlations of the 13 discriminator variables with one another and with 


the final outcome, the factor of well or relapsed (see table 3), give a rough indica 


tion of how much each variable contributed to the outcome and, therefore, how 


much weight should be given to it. 
Following the computational procedure briefly described under “Materials 


and Methods,” the linear discriminant function was computed. Then, the mean 


discriminant scores for the “well” group and the “relapsed” group were ob 


tained, and the critical point for discrimination was determined by finding the 


mid-point between the two scores in terms of standard deviation units 
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Once this critical score has been determined from the information about known 
cases, it may be useful as an indication for an unknown case. The critical score 
is not an absolute dividing line and, of course, the predictions will not be 100 
per cent correct. As it was, a tryout on a sample of 300 cases yielded correct 
“predictions” for 220 cases, or 73.3 per cent of the group. While this may be a 
somewhat smaller percentage than might be aspired to in medical prognosis, it 
nevertheless seems to indicate that further investigations along these lines may 
prove fruitful. Several ways in which gains might be made in the accuracy of 
predictions are suggested in the “Discussion” below. 

As a matter of incidental interest, it may be pointed out that discriminant 
analysis has been used in physical anthropology (2-4), clinical psychology 
(5-7), and educational research (8-11). Also worth mentioning is the excellent 
expository monograph on discriminant analysis and related statistical techniques 
recently written by Hodges (12), a researcher in the field of aviation medicine. 


MATERIALS AND METHODS 


The materials used in this study are the records of 1,259 patients with the 
adult type of pulmonary tuberculosis who were discharged from Glen Lake Sana- 
torium in the period from 1948 through 1953, Consequetitly, the post-discharge 
information covers periods from eleven months through six years. 

A preliminary study using tests of statistical significance was conducted for 
isolating the variables that seemed relevant for the prediction of relapse. These 
were taken from among the mass of information available at the time of a pa- 
tient’s discharge. On the basis of this study, which was reported in a separate 
paper by Oyama (13), the following 13 variables were selected for use in the pres- 
ent discriminant analysis 

With the description of each variable is shown the numerical coding. Some of 
the variables, e.g., type of discharge, are categorical rather than quantitative; 
but their numerical coding is still justified because the preliminary study re- 
vealed a rough ordering of the categories. The categories of X, and X,4 were 
based on Diagnostic Standards published by the National Tuberculosis Associa- 
1950 (14). 


X, = Sex: male = |; female = 2 
X, = Stage of disease on admission: minimal = 1; moderately advanced = 2; far 


advanced = 3 

X, = Unilateral or bilateral pulmonary lesions: unilateral = 1; bilateral = 2 

X, @= Age on admission: 10-19 years = 1; 20-20 years = 2;... 70-79 years = 7 

X, = Type of discharge: recommended = 1; acquiesced to = 2; with consent = 3; 
against advice = 4; transferred = 5; disciplinary = 6; deserted = 7 

X, = Condition on discharge: inactive = 1; arrested (IV) = 2; arrested (III) = 3; 
active improved - 1; active unimproved = § 

X, = Bacteriologic findings on admission: no sputum available for culture of tubercle 
bacilli = 1; cultures for tubercle bacilli negative = 2; cultures for tubercle 
bacilli positive = 3; negative on microscopy but no cultures obtained = 4; 
sputum positive on microscopy for tubercle bacilli = 5 

X, = Bacteriologic findings on discharge: more than twelve consecutive cultures for 
tubercle bacilli negative for at least one year = 0; more than ix consecutive 


cultures for tubercle bacilli negative for six months = 1; fewer than six con 
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secutive cultures for tuberele bacilli negative for six months = 2; occasional 
culture for tubercle bacilli positive for six months = 3; enlture for tubercle 
bacilli consecutively positive but specimens negative on microscopy for six 
months = 4; negative on microscopy but no cultures obtained for six months = 
5; sputum positive for tubercle bacilli on microscop) 6; no sputum available 
for bacteriologic examination = 7 

Y, Presence or absence of cavity on admission: no cavits 0; unilateral cavity 
1; bilateral cavity 2 

VY = Presence or absence of cavity on discharge: same coding as \, 

\ = Length of hospitalization: 0-6 months = 1; 6-12 months = 2; 1-2 vears = 3; 
2-3 vears = 4: 3-4 vears = 5; 4-5 vears = 6: more than 5 vears = 7 

= Regimens of chemotherapy: streptomycin-isoniazid-PAS or streptomycin 
isoniazid = 1; streptomyecin-PAS = 2; isoniazid-PAS or isoniazid alone 3; 
streptomycin alone or PAS alone } 

Y,, = Type of treatment: lung resection in combination with chemotherapy = 1; 
long-term chemotherapy (more than one year) = 2; collapse 3; short-term 


chemotherapy (less than one year) = 4; bed rest only = 5 


Approximately 1,200 of the 1,259 records were found to contain complete 
information on the above Bs variables. These causes were processed ih the hin 
ner described hereunder. 

First of all, each case was designated as “relapsed” or “well according to 
whether the patient did or did not suffer a relapse of pulmonary tuberculosis as 
of November, 1954. (For further details such as the definition or criterion of 
relapse employed, see the paper by Oyama (13).) Eight hundred and fifty-two 
cases were thus labeled “well” and 348 “relapsed.” 

The next step was to divide the entire sample into subsamples: one, the norma 
tive sample on which to compute the discriminant function; and the other, the 
check sample to be used for empirical validation of the computed function. Since 
a larger number is advisable in the normative sample to ensure greater stability 
of the discriminant function, it was decided to have 900 cases in that sample and 
300 in the check sample 

Also, in order that the two samples might be as comparable with each other as 
possible in terms of relative frequency of “well” and “relapsed” cases, as well 
as in the sex ratio, the selecting-out of the 300 check-sample cases was not done 
by pure random sampling, but rather by the stratified (or quota) sampling 
scheme. That is to say, the 1,200 cases were separated into four groups-—male 
patients who were “well,” female patients who were ‘“well,”’ male “relapsed,”’ 
and female ‘relapsed’ and one-fourth of each group was selected at random 
to go into the check sample. The constitutions of the two subsamples thus formed 
are as shown in table | 

To give some idea of the extent to which the “well” and “relapsed” cases 
differ with respect to the 13 predictor variables described above, the means of 
the two groups on each of these variables are shown in table 2. Also shown there 
are the means and standard deviations for the entire normative sample 


Outline of Computational Procedure 


Since it is beyond the scope of this paper to describe the actual computational procedure 


of discriminant analysis, we will give only a very brief outline here. Those who are interested 
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TABLE 1 
Compositions, IN Teams or “Wei.” “Rerarsep”’ Cases, AND OF SEX, OF THE 
NORMATIVE AND Cueck 


“Well” “Relapsed” “Well” “Relapsed”’ 


Male $40 ISS 527 Male 113 63 176 


Female 400 73 373 Female 100 24 124 


S7 


649 


261 


Check Sample 


Normative Sample 


TABLE 2 
Means ov THe 13 iN tHe “Wer.” ann “Revarsep’’ Groups THE ENTIRE 
Nommative Samece, Sranvarp Deviations SHown ONLY FOR THE 
ENTIRE SAMPLE 


Well” Group Relapeed” Group Entire Normative Sample 900 
4 Mean Standard Deviation 
X 1.47 1.27 1.41 0.49 
Y, 2.23 2.41 2.28 0.64 
X; 1.4 }. 82 1.69 0.46 
X, 3.4 4.12 3.70 1.55 
2.63 3.71 2.94 2.08 
X« 20 3.61 2.82 1.45 
Y, 3.38 3.74 3.48 1.26 
\, 1.81 3.23 2.22 1.83 
x. 0.73 0.82 0.76 0.67 
Vio 0.08 0.44 0.18 
2.05 2.79 2.91 1.27 
Vie 2.41 2.86 2.51 10S 
Vu 3.34 $.12 3.58 1.46 


in making practical applications of the technique are referred to texts by Fisher (15), 
Hoel (16), and Mather (17 

When only two groups are to be discriminated between, as in the present problem, the 
diseriminant function is essentially the same thing as the multiple regression equation of 
a dummy variate (designating the groups) on the predictor variables.’ Therefore, X,, is 


defined to take the values | and 2 for the two groups respectively. That is, each of the 639 


patients in the normative sample who was ‘‘well”’ is given the value X,, = 1, and each of 


the 261 ‘‘relapsed’’ cases among the normative sample is assigned X,, = 2 


The product-moment correlation coefficient between each pair of variables is then com 
puted by taking each one of the 14 (13 predictor and one criterion) variables in combination 
with the remaining 13. There are thus 91 |= (13)(14)/2] distinet correlation coefficients, 
which are shown in table 3 in the form of a symmetrical matrix with IS82 off 


diagonal elements 
In accordance with multiple regression theory, these correlation coefficients determine 


a set of 13 linear equations whose solution gives the set of 13 partial regression weights to 
be applied to the 13 predictor variables in standardized form. The rule for constructing 


* For problems involving more than two groups, the computational procedure is different 


Those interested may consult reference (18 
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TABLE 3 
Coprricients or CorrecatTion Between 13 Prepicrors anp 
One Crrrerton VARIABLE 


0.061 5 - 72 —0.076 7 0 0 00s 0.130 

0.182 0.117 0.204 181 0.082 0.128 

0.385 216 0.106 0.191 «0.174 

0.115 0.125 151 0.187 125 0.26 0.170 

0.112 0 533 195 0.2% 0.242 

304 4 0.206 148 0.172 10 
0.089 0.117 0.304 0.40 258 278 
0.374 0.178 OW 0.470 001 251 0.050 

234 7 0.381 72 340 19) 

175 0.314 095 0.115 177 275 088 

0.160 258 0 059 177 m6 60.188 


0. 208 2:8 0.191 


0.345 324 


TABLE 4 


Bera Weitaurs, B-Wetcurs, outs For THE 13 VARIABLES 


Variable Reta Weight ght (B Discriminant Weight (V\) 


0.008 onl 
0.011 OOS 
0.006 
0.0380 
0.164 
0.082 ol 
0.150 ase 
0.133 Osu 
0.204 Ist) 
0.087 Os! 


0.088 O37 
0.058 OS 


these equations may be inferred from the first two and the thirteenth equations, shown 


below 


Equation 


0.0618 0.1258 0.2088 + 0.1508, 
0.0618, 4 3. + 0.3848, + 0.1156, + O.1818 0.0828 


0.1398 0.0828. 4+ 0.0358, + 0.2568, + 0.4068 8 


The resulting standard partial regression weights (or beta weights, as they are usually 
-alled) are shown in the first column of t ible 4. The magnitude of enc h beta weight indi 
cates the relative importance of the corresponding variable within the set of 14 predictors 
The next step is to transform the weights into raw score partial regression weights, or 
the B-weights. This is done by multiplying all the beta-weights by the standard deviation 
of the criterion variable Y,. (which was 0.454 and then dividing each such product by 
the standard deviation of the corresponding predictor variable; the 13 standard deviations 
are shown in the last column of table 2. The resulting B weights are shown in the second 


column of table 4 


a 
1 2 ; 4 6 7 8 9 10 12 
5 
u 
10 
i 
iz 
13 0.136 008 0.25 019 0.275 0.248 
0.128 0.17 06.17 0.222 0.050 (0.245 
0.49 
\ O.04 
\ 
\, 0.06 
x 0.11 
\ 2s 
\ 0.06 
0.21 
XY, 4s 
1.00 
0.17 
0.20 
\ 0.10 
= O.178 
0.128 
0.245 
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The final computational step is taken just as a matter of convemence, in order to have 
the largest weight equal to unity. This is possible because discriminant function weights 
need only be determined up to an arbitrary proportionality factor. Therefore, one divides 
each B weight by 0.186, which happens to be the value of By, the largest B-weight. The 
resulta. shown in the last column of table 4, are the conventionalized discriminant function 
weight», V,, \ \ 

Using these V weights as the combination coefficients, the desired discriminant function 
ix constructed as shown in bkquation 2 
+ + O.06N, + + + + O21X, 

O48X, + 1.00Xy + OATXy + 0.20Xy + + 0.74 


The constant term, 0.74, was added merely to avoid having a negative value for any 
individual’s dixeriminant function seore, and also (incidentally) to make the mean of Y 
for the entire normative sample equal to an integer. As may be verified by substituting, 
in turn, the three sets of means shown in table 2 for X,, Xs, Xa, . Nys, in Equation 2, 
the means of Y in the “well’’ group, the “relapsed” group, and the total normative sample 


are, respectively 
= 510 on. = 4410) 


While the foregoing completes the computation, as such, of the discriminant function, 
there still remains the important matter of establishing the decision rule. That is to say, 
a critical value of the diseriminant funetion must be determined so that, when using Equa 
tion 2 for the purpose of forecasting whether a newly discharged patient will or will not 
suffer relapse, one will predict ‘‘yes"’ if his discriminant function score exceeds this value, 
and predict ‘no’’, i.e., that he will be ‘“‘well,”’ if his score falls short of the critical score 

In the statistical theory of classification there are several ways of establishing a decision 
rule. Alternately, it might be more precise to say that there are several different considera 
tions to be taken into account with respect to the possible damage incurred by making a 
decision which later proves to be an erroneous one; and different judgments concerning 
the relative seriousness of various (in the two-group case, just two) alternative types of 
misdecisions lead us to adopt different decision rules 

For instance, in the present case, it may be deemed more disastrous to predict 


“no re- 


lapse” for a person who in fact later comes to suffer relapse than conversely to predict 


relapse for a person (and henee presumably, discourage him from becoming discharged 


when actually he may not have suffered relapse after all even if permitted to leave the 
hospital 
Again, it may, in certain situations, be advisable to aim at minimizing the over-all 
number of misdecisions; in vet other cases the objective might be to minimize the sum of 
the proportions of misdecisions of various types (which would not be equal to the over-all 
proportion unless the number of persons in the alternative groups are approximately equal 
Some of the different decision rules appropriate for one or another of the various alterna 
tive long-run objectives mentioned above are as follows 
Rule 1: Take the straight arithmetic mean of ¥. and Y, as the critical value. That is, 
if a newly discharged patient’s Y-score as computed from Equation 2 is less 
than (3.58 + 5.00)/2 (which is 4.29), predict that he will not suffer relapse ; 
Rule 2: Take the mean Y-seore of the entire normative sample, Yiu. = 4.00 as the 
critical value 
Rule 3: Take as the critical value that value which is equidistant in standard deviation 
units from Y . and Y,. In the case at hand this value was found to be 4.36 
After various considerations, especially the observation that the ‘‘well”’ and “‘relapsed’”’ 
groups had rather different spreads in the discriminant scores, it was decided to adopt 
Rule 3 in the present study. Theoretically, this rule minimizes the over-all number of mis 
decisions in the long run, which, in view of the (happily!) vast diserepaney in number 
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TABLE 5 
OuTcoME OF PrepicTioNns or RELAPSE OR NONRELAPSE ON A Cueck Sampie or 300 Cases 
Actual Statu 


Prediction by Equation 2 
Did not relapse Did relapse 


Will not relapse 163 
Will relapse 


between the ‘‘well"’ and ‘“‘relapsed”’ cases, seems preferable to minimizing either the over-all 
proportion or the sum of proportions of the two types of misdecision 
OBSERVATIONS 
Tryout on Check Sample 


The discriminant function has been computed, viz., Equation 2, which is 


reproduced below for convenience. The critical discriminant score, 4.36, has also 


been established. In practical application, the items of information on a patient 
are sorted into the 13 variables previously listed, and are converted into the ap 
propriate code values of X,, Xe, --- Ny. These values are substituted in Equa- 
tion 2 in order to compute the diseriminant score Y for this patient. [f this score 
exceeds the critical score of 4.36, it is predicted that this patient will suffer 
relapse; otherwise, that he will not 


Equation 2: 


—OADN, OOAN, + OSLX, + O.O6N, + OLIN, + 4+ OOGX, 
+ OASN, + LOOX) + OL7Xy + O20N yp + O10N,, + 0.74 


\t this point an attempt was made to see how well this prediction scheme 
could be expected to work in practice. A check sample of 300 cases selected from 
among the total group of 1,200 cases was reserved for this purpose, that is, these 
300 cases were “thrown out’, not used at all, so far as the construction of the 
discriminant function and establishing of the critical seore were concerned. The 
check sample may therefore be regarded as a reasonable facsimile of a future 
group of patients being considered for discharge from the hospital. The diserimi 
nant score Y was computed for each of these 300 cases in accordance with Equa 
tion 2. A “prediction” of “relapse”’ or “well” was made for each patient dependent 
on whether his or her Y-score exceeded or fell short of the critical score 4.36. The 
outcome thus “predicted” for each of the 300 cases was then compared with the 
actual status of that patient as of November, 1954. In table 5 is shown the ex- 
tent to which the “predictions” were successful 

From these results, it may be seen that, of the 215 patients who were well, 
163 could have been so predicted on the basis of information available at the 
time of the patient’s discharge by using Equation 2 and the critical score 4.36; 
of the 87 who did suffer relapse, 57 would have received this unfavorable fore 


cast at the time of discharge from the hospital. 


170 
30 198 

107 

Total 213 87 100) 
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Viewing table 5 in the other way, it may be seen that the use of the prediction 
scheme would have led us to predict nonrelapse for 193 patients, and this pre- 
diction would have been true for 163 of these 193. On the other hand, of the 107 
for whom we would have forecast relapse, only 57 would actually have shown 
relapse as of November, 1954. Taken as a whole, the percentage of correct pre- 


dictions is (163 + 57)/300, or 73.5 per cent. 


Illustrative Examples 


In order to illustrate in full detail the practical application of the prediction 
scheme, the procedure is described for four typical cases chosen from the check 


sample. 


Example 1 (No. 10458): A white girl (hence X, = 2) was admitted to the hospital 
in July, 1948, with minimal CY, 1) unilateral pulmonary tuberculosis (XY, = 1). 
The patient, aged nineteen years on admission (X, = 1), was given a recommended 
discharge from the hospital (X¥, = 1) in November, 1950. Her condition on discharge 
from the hospital was “arrested (1V)" (XN, =— 2); the culture of gastric contents 
revealed tubercle bacilli on admission (X; = 3). Since ten gastric cultures were 
negative for tubercle bacilli throughout 1949, no sputum was available for bacterio 
logic examination during the last six months (XY, = 7). The chest roentgenogram 
disclosed no cavitation on admission (XY, = 0) or on discharge (Yj = 0). During 
her two years and three months’ hospitalization (X,, = 4), streptomycin, | gm 


daily = 4), 


was administered for forty-one days (Ni, = 4) 


On the basis of the above data, would one predict that the patient will suffer a 
relapse or not? Computation of her discriminant score Y in accordance with 


Equation 2 yields: 


Y = — 0.49x2 — 0.04x1 + O.5Ix1l + 0.06x1 + O.L1xl + O.28x2 + 0.06x5 
+ 0.21x7 — O.48x0 + 1.00x0 + O.17x4 + 0.20x4 + O.10K4 + 0.74 41.49. 


‘nl i 

| ee The patient’s discriminant score, 4.49, is greater than the critical score, 4.36. 
Rar Accordingly, the prediction is that she wi// suffer relapse. Actually, the patient 
“b was readmitted to the hospital in March, 1953, because of a recurrence 


Example 2 (No. 10664): A white man (X, = 1), aged thirty-five (XY, = 3), with 
the diagnosis of far advanced (X, = 3) bilateral pulmonary tuberculosis (XY, = 2), 
was admitted to the hospital in September, 1951. He received “with consent’ dis- 
charge from the hospital (XY, = 3) in June, 1952, because of the “active improved” 
condition (VY, = 4). The sputum, which was positive for tubercle bacilli on admission 
to the hospital (X; = 5), revealed occasionally positive cultures for tubercle bacilli dur- 
ing his last six months in the hospital (Y, = 3). The chest roentgenogram showed 
no evidence of cavitation on admission (X, = 0) or on discharge (Xj = 0). During 
nine months’ hospitalization (X,, = 2), he was treated with streptomycin, | gm. 
twice weekly, and PAS, 12 gm. daily (Xy» = 2), for eight months (XY = 4) 


Equation 2 yields the following discriminant score: 


Y = —O49x1 — 0.04x3 + O.51x2 + 0.06x3 + O.11x3 + 0.28x4 + 0.06x5 
+ O0.21x3 — OASx0 + 1.00x0 + 0.17x2 + 0.20x2 + 0.10x4 + 0.74 = 4.85 
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DATA AND THE 


Sex 

Stage of disease on admission 

Unilateral or bilateral pulmonary 
lesions 

Age on admission 


Ty pe ot discharge 


RELAPSE IN 


DimcriMINAaNnt 


TABLE 6 


Case No 


WHO 
Female 2 

Far advanced 
Bilateral = 2 


32-years old 


Against advice 


PULMONARY 


rUBERCULOSIS 


Scores ror Two PaTients 


wcification and Numerical Code 


Male = 1 
Far advanced 
Bilateral = 2 


35-vears-old 


Recommended 


Variable 


Active 5 Inactive l 


Positive 


Condition on discharge 


Bacteriologic findings on admission sputum | Positive sputum 


on microscopy on microscopy 


Bacteriologic findings on discharge | Fewer than 6 cul Fewer than 6 cul 
tures negative tures negative = 
2 2 

Bilateral None « 0 

None = 0 None «= 0 

1 year | month 1 year 6 months 
3 

Streptomycin 
PAS = 2 


Wedge resection = 


Cavitation on admission 
Cavitation on discharge 
Length of hospitalization 
Regimens of chemotherapy Streptomycin 
alone = 4 
Chemotherapy for 
months = 4 


Type of treatment 


Discriminant function seore com = 


puted from Equation 2 


Well Well 


Prediction 
Since this value is greater than 4.36, the prediction is that the patient will suffer 
a relapse. He did suffer a relapse, and was readmitted in March, 1953, in agree 
ment with the prediction 

Examples 3 and 4: Data for the remaining two cases chosen for exemplification 
are shown in tabular form (table 6) for brevity. 
For patient No. 10046, Equation 2 yields: 


0.74 


+ 
0.20xK4 4+ 


OL28x5 4 
O.10x4 4 


O.06xK5 + 
4+ 


O.51x2 + 
1.00x0 + 


O.0AXS + 
0.48x2 4 


y 0.49x2 
+ O.21x2 


as her discriminant score. Since this value is less than the critical value, 4. 


the prediction is that she will not suffer a relapse. According to the records dat 


ing from her discharge in July, 1948, through November, 1954, the prediction 
remained correct. Moreover, this follow-up period is probably long enough to 
bar any future reversal 

Similarly, for patient No. 11132, substitution in Equation 2 of the appropriate 
values for X, through X,, yields Y 3.87 as his discriminant score. Since this 


value is smaller than 4.36, the prediction was again a favorable one. The patient's 


Item — 
| Case No, 11182 
| 
i 
3 = 3 Xs 
Xe 
Xy 
X, 
X» 
Xi 
Y = 3.87 
| 
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readmission to the hospital in July, 1952, however, proved the prediction to have 


been incorrect in this case. 


DISCUSSION 


As mentioned at the outset of this paper, it is far from the intention of the 


writers to claim anything approaching infallibility for the prediction scheme 


developed and exemplified in the foregoing. It is hoped and believed, however, 
that the proposed method might be of some aid in objectifying the judgment of 


the wisdom of a patient's prospective discharge from the hospital; hence, in 


decreasing the frequency of reactivations of pulmonary tuberculosis 


Some possible ways in which the predictive efficiency of the discriminant func- 


tion could be improved will now be considered. The most obvious way, of course, 


is to look for additional and more significant factors to be used as predictor vari- 


ables. One such factor which immediately suggests itself is the socio-economic 


status of the patient: the type of life a patient leads once he is out of the hospital 


is, beyond doubt, an important factor influencing the chances of his suffering a 


relapse. 
Apart from the scope of variables included, however, the present study had 


the limitation that the follow-up period varied in length from one patient to 


another. Ideally, this should be held constant at, say, five yvears-a period of 


time beyond which it is fairly safe to assume that, if a person has not suffered 


reactivation, it is unlikely that he ever will. 
On the mathematical side, a possible way to improve the predictive efficiency 


beyond the 73.5 per cent that was attained would be to introduce suitable trans- 


formations for some of the variables. This is because some of the variables seem 


to have markedly skewed distributions, as evidenced by the fact that their 


standard deviations were of the same order of magnitude as the means (and in 


one case, Xj, even greater than the means). Such transformations mean including 


higher orders than the first in some of the variables, and hence would allow for 


relationships other than linear ones among them. 
Despite the limitations of the present investigation implied by the above sug- 


gestions for improvement, the writers believe that, as an exploratory study, it 
has the merit of pointing out the possibilities for fruitful application of a statis- 
tical technique that seems hitherto to have remained relatively unnoticed by 


researchers in the medical field. If this paper helps to stimulate an interest in 


similar applications of discriminant analysis, it will have served its purpose. 


SUMMARY 


In this paper, the possibility of applying the statistical technique of discrimi- 
nant analysis to the prediction of relapse in pulmonary tuberculosis was sub- 
jected to an actual trial. A linear discriminant function (Equation 2) was de- 
veloped, and a critical score of 4.36 was established. If the data on a patient 


under consideration for discharge from the hospital are such that, following the 
procedure described in the paper, they yield a discriminant score greater than 
4.36, it would be predicted that this patient would suffer a relapse. Predictions 
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on this basis were found to be borne out in 220 of 300 test cases. Possibilities for 
improving the predictive efficiency are discussed. 


SUMARIO 


Prediccién de las Recidivas en la Tuberculosis Pulmonay 
Aplicacion del Andlisis Discriminante 


La posible aplicacién de la técnica estadistica del andlisis discriminante a la prediccién 
de las recidivas en la tuberculosis pulmonar fué objeto de una prueba real. Se elaboré una 
funcién discriminarte lineal (Ecuacién 2), estableciéndose una marca de 4.36. Si los datos 
obtenidos en un enfermo estudiado con mira a darlo de alta del hospital son tales que, 
conforme al procedimiento descrito en este trabajo, arrojan una marea discriminante su 
perior a 4.36, cabe predecir que el enfermo experimentaré una recidiva. Las predicciones 
formuladas « partir de esa base quedaron confirmadas en 220 de 300 casos estudiados 
Disedtense las posibilidades de mejorar el acierto en la prediceién 


RESUME 


Prédiction des rechutesa dana la tuberculose pulmonatre; 


A pplication de l’analyse discriminante 


Dans cet article, la possibilité d’appliquer la méthode statistique d’analyse discriminante 
& la prédiction des rechutes dans la tuberculose pulmonaire a été mise A l’épreuve. Une 
fonetion diseriminante linéaire (Equation 2) a été développée et un score critique de 4,36 
a été établi. Lorsque les données obtenues chez un malade dont on envisage le départ de 
l’établissement sont telles que, suivant les procédés décrits dans cet article, on obtient un 
score discriminant supérieur a 4,36, la prédiction d’une rechute sera faite pour ce malade 
Les prédictions énoncées sur cette base ont été confirmées dans 220 cas sur 300 cas-tests 
Les possibilités d’accroitre |'efficacité des prédictions sont commentées 
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PULMONARY NOCARDIOSIS 
A Review with a Report of Seven Cases 
B. H. WEBSTER! 
(Received for publication September 13, 1955) 
INTRODUCTION 


Nocardiosis is an acute or chronic suppurative disease with a tendency to re 
missions and exacerbations which seems to have a special predilection for the 
lungs, brain, and subcutaneous tissue. Hematogenous spread may lead to ab- 
scesses In various parts of the body. Multiple draining sinuses may result, but 
are less common than in actinomycosis. Nocardiosis remains an infrequent and 
poorly recognized MYCOSIS, 

In 1888, Nocard described an acid-fast sporothrix, Actinomyces forcincus, as 
the etiologic agent in bovine farcy. Three years later, in 1891, Eppinger demon 
strated an aerobic gram-positive acid-fast actinomyces in the pus from a men- 
ingitis and cerebral abscess. The organism was called Cladothrix asteroides. This 
was the first human case recorded, 

Twenty-six cases of nocardiosis were collected from the literature by Henrici 
and Gardner in 1921. Twenty-two of these cases were fatal. Forty-four cases of 
pulmonary nocardiosis have been found in the literature 

MYCOLOGY 

The nocardia appear microscopically as gram-positive bacilliform filaments 
which may become fragmented and resemble diphtheroids. They are often re- 
ferred to as bacteria-like fungi. These organisms were shown by Claypole in 
1913 to have feeble acid-fast staining properties. Twelve species display acid- 


fast properties. They may gradually lose their acid-fast characteristics following 
repeated transfers on artificial media. This is particularly true when acid alcohol 
is used to decolorize as a part of the Ziehl-Neelsen technique. This condition may 
be offset, however, by the use of a weak solution of sulfuric acid even though 
continued transfers have been made. Different strains show varied degrees of 


acid-fast staining properties. Ordinarily, the older the culture, the more irregular 
is this characteristic 

Forty-two species of nocardia have been recognized. The most common of these 
is .\. asteroides which is the etiologic agent in the 7 cases reported in this paper 
This fungus is a member of the family Actinomycelaceac which represents a 
transitional group of organisms between the true bacteria (lcubacteriales) and 
the true fungi (Eumycetes). Two genera are found in this family, namely, the 
actinomyces which are anaerobic, and the nocardia which are aerobic, 

Nocardiosis is practically never diagnosed until appropriate stains and special 
cultures are utilized. The organisms grow rather well on the ordinary media 
under aerobic conditions, but usually seem to prefer an alkaline medium. Growth 
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may occur when planted on blood glucose agar or Sabouraud’s glucose agar 
within three to six days in a temperature range of 68°F. (room temperature) to 
98.6°F. (body temperature). 

The nocardial colonies often assume a mycelial ball-like appearance resembling 
a star. At times, they look dry and wrinkled, and may lie free on the surface as 
a pellicle. They do not ferment carbohydrates; and do not produce indole, hy- 


drogen sulfide, or ammonia. 
Granules varying in color from yellow to orange are sometimes expectorated 


in the sputum. These granules represent masses of intertwining, branching my- 
celial filaments 0.25 to | micron in diameter. 

World-wide in distribution and regarded as saprophytic in nature, the mycelia 
are usually isolated from the soil, but may be found on grasses, straw, and grains. 
It is doubtful if these fungi are truly pathogenic. If a minor niche or excoriation 
of an epithelial surface occurs, however, the organisms may enter the body. It 
is thought, moreover, that the infection may gain entrance by skin penetration, 


inhalation, or ingestion. 

It is interesting to note that the pathogenicity for guinea pigs and rabbits is 
not constant in virulence studies. If the organisms are injected intravenously or 
intraperitoneally, miliary abscesses develop in the viscera or peritoneum. Such 


animals may die in seven to fourteen days. 

Mere localized disease or abscess formation may develop with subsequent 
healing or spontaneous drainage when subcutaneous or intramuscular inocula- 
tions are administered. No complement-fixing antibodies or agglutinins have been 


demonstrated in man. 


PATHOLOGY 


In pulmonary nocardiosis, a caseous bronchopneumonia with subsequent 
necrosis and cavitation may occur. Extension of the process to the pleura with 
formation of an empyema may be observed. In the early stages, there is usually 
a suppurative lobular pneumonia. The lesions may occur in any lobe, but are 
more common in the lower lobes. Involvement of the peribronchial lymph nodes 


may occur early. 

Microscopic observation of the pulmonary lesion reveals a center composed 
of necrotic material surrounded by dense cellular fibrous tissue, fibrin, leukocytes, 
plasma cells, and macrophages. Branching mycelia are usually scattered through- 


out the tissue. 


SYMPTOMATOLOGY AND DIAGNOSIS 


The symptoms and physical signs of pulmonary nocardiosis are those found 
in an acute or chronic pneumonitis or those due to spread to other organs. The 
onset may be sudden with high fever, chills, cough, pain in the chest, and pros- 
tration. On the other hand, there may be an insidious onset with anorexia, 
malaise, weight loss, night sweats, fatigue, afternoon fever, and a chronic cough 
productive of foul greenish mucoid sputum. Hemoptysis seldom occurs. Small 
orange or yellow granules may be expectorated at times. Hepatomegaly and 
splenomegaly represent late stages of dissemination. 
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Rarely, the disease may remain dormant and asymptomatic for long periods 
of time. It may flare up acutely and then be followed by a dormant course. Some 
patients die within two weeks after the onset of symptoms while, in others, the 
disease may remain active for as long as three years. The average duration has 
been found to be approximately six months. 

The diagnosis is made by demonstrating the presence of the nocardia in the 
sputum by the use of appropriate stains and cultures. A cutaneous test for the 
diagnosis of actinomycotic mycetoma caused by N. brasiliensis is advanced by 
Gonzalez. On the whole, cutaneous tests have been inconstant. Blood cultures 
positive for nocardia are very unusual during life, but such a case, with eventual 
recovery of the patient, is reported by Kohn and others. A case of initial infection 
of the femur with subsequent embolic abscesses in multiple organs is reported 
by Cruz and Clancy. A most interesting finding in nocardiosis may be a very 
marked leukocytosis of 15,000 to 50,000 cells per cu. mm. 

Roentgenograms of the chest may resemble those seen with any common in 
fectious granuloma. As noted previously, the lesions are more common in the 
lower lobes, but may occur in any lobe. There is usually a small infiltration or 


there may be large lobular consolidations. 


DIFFERENTIAL DIAGNOSIS 


Pulmonary nocardiosis is often confused with pulmonary actinomycosis. 
Actinomycosis appears as a more distinctive chronic granulomatous suppurative 
process with induration or multiple draining sinuses. “Sulfur granules’ are 
usually found sooner or later. Nocardiosis is more often found in the lower lobe. 
The usual causative agent, A. bovis, is anaerobic. N. madurae and N. pelletieri 
produce acute and chronic suppurative and granulomatous lesions very similar 
to actinomycosis. 

Nocardiosis should be considered in any lesion of the lung resembling tuber- 
culosis in which tubercle bacilli are not found. The pathologic changes may 
closely simulate the course of acute miliary tuberculosis. Since nocardia produce 
acid-fast bacilliform filaments, the microorganisms are easily confused with 
tubercle bacilli. MceQuown believes that approximately 5 per cent of the patients 
in tuberculosis sanatoriums may have nocardiosis. Such patients could easily 
develop a superimposed tuberculosis. Incidentally, the marked leukocytosis may 
be an aid in differentiating tuberculosis or suspected pulmonary neoplasms which 
may frequently be a real diagnostic problem. 

Other pulmonary mycoses such as blastomycosis, histoplasmosis, coccidioido- 


mycosis, cryptococcosis, or sporotrichosis may be easily confused with nocardio 


sis. Sarcoidosis may resemble nocardiosis. Lung abscess, viral pneumonia, and 
tularemia must be considered in the differential diagnosis. 


TREATMENT 


Karly diagnosis of pulmonary involvement with nocardia and the institution 
of appropriate treatment may mean the difference between survival or death. 
In animal protection tests against nocardiosis, Strauss and co-workers found that 
sodium sulfadiazine provided almost perfect protection, enabling 100 per cent 
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of infected mice to survive, while chlortetracycline, chloramphenicol, and nyvi- 
zone gave only partial protection. Actinomycosis may respond readily to peni- 
cillin or other antimicrobials, while nocardiosis responds to sulfadiazine alone 
or along with other antimicrobials 

At present, treatment with sulfadiazine and a companion drug, such as peni- 
cillin or tetracycline, seems to be the therapy of choice. Early lesions may respond 
to symptomatic care and antimicrobial therapy. In more severe cases, surgical 
intervention with adequate drainage or complete excision of the infected are: 
may be necessary. 

The disease was fatal except for a few isolated cases before the advent of 
therapy with sulfadiazine in 1944. The prognosis depends upon the length of time 
the disease has progressed and upon the extent of involvement. 


PRESENT SERIES 


Seven cases of pulmonary nocardiosis are herein presented, Cases /, 2, and 3 
are considered to represent diagnostic problems. Cases 4, 5, and 6 are considered 


~ 


to represent cases in which diagnosis seems secure; Case 7 is presented as an ex 


ample of a case with a classical onset of the disease. 


Cases with Diagnostic Problems 


Case 1. Pulmonary nocardiosis; nocardia abscess; syphilitic aortic aneurysm (September 
15, 1953). The patient, O. C., was a 55-year-old white married housewife who was well until 
April, 1953, when she developed a “chest cold’’ which was untreated until June 9, 1953 
At this time she developed a chronic cough productive of greenish sputum, wheezing, dysp 
nea, pain in the chest, temperature of 100° to 1LOL°F., and had three or four chills. A chest 
roentgenogram revealed a consolidation of the left lower lobe. Treatment with oxytetra 
eycline produced virtually no improvement. On June 28, 1955, a roentgenogram showed 
slight clearing of the process. On September 15, 1953, the patient began to notice hemopty 
sis. Her weight was declining rapidly at this time. It was noted that she had been found to 
have a serologic test positive for syphilis four years previously and had been treated with 
three courses of ten million units of penicillin. There was no family history of cancer or 
tuberculosis 

Physical examination revealed a malnourished woman who had a temperature of 1OLA‘F.; 
pulse, 86 per minute; respirations, 22 per minute. The trachea was felt in the mid-line. 
There were harsh excretory rhonchi anteriorly in the left mid-clavicular area near the 
fourth interspace. A loud systolic murmur was noted over the mitral area. The hemoglobin 
was 10 gm.; packed cell volume, 37 per cent; leukocyte count, 9,800 per cu. mm. with the 
differential count revealing 71 per cent polymorphonuclear leukocytes; and an erythrocyte 
sedimentation rate of 20 mm. Serologic tests for syphilis were positive. A cerebrospinal 
fluid Wasserman reaction was positive. Repeated sputum examinations revealed acid-fast 
organisms “resembling nocardia’’ by the Ziehl-Neelsen stain. No spirochetes or fusiform 
bacilli were demonstrated. A sputum culture was negative for M. tuberculosis at the end of 
eight weeks. A culture on Sabouraud’s medium revealed Nocardia asteroides 

A chest film showed a large cavity in the upper portion of the left lower lobe posteriorly 
Infiltration extended from the cavity inferiorly. There was widening of the mediastinum 
which could not be separated from the aorta and was found by sectional views and by 
fluoroscopic examination to project from the arch of the aorta. It was believed at that time 
that the stringy infiltration below the abscess area was suggestive of tuberculosis (figure | 
The possibility of carcinoma was also considered. The cutaneous reaction to tuberculin 
(OT 1:1,000) was positive, and the reaction to histoplasmin was negative. Extensive treat 
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Fig. 1 (Left). Case 1. Roentgenogram of chest, taken on September 15, 1953, showing 
cavity in the upper portion of the left lower lolx 
Fic. 2 (Right). Case 1. Roentgenogram of the chest, taken on July 30, 1954, revealing 


much less infiltration in the left lower lobe 


ment with penicillin, chlortetraeyeline, and other antimicrobials produced no improvement 
Sulfadiazine was begun and the fever gradually subsided 

A chest roentgenogram obtained on November 23, 1953, showed improvement in the den 
sity in the left lower lobe. On July 8, 1954, the patient’s temperature was 99.6 F.; hemo 
globin, 11.2 gm.; leukoeyte count, 16,500 per cu. mm.; and erythrocyte sedimentation rate 
30 mm. A film of the chest showed the lung abscess to be less marked, with no definite 
cavity. On August 17, 1954, a sputum culture was still positive for Nocardia asteroides 
On July 30. 1954, the aneurvem was visible on the reentgenogram. There was slight promi 
nence of the left ventricle, and infiltration and thickened pleura were visualized in the 
left apex and left base (figure 2). On April 4, 1955, a chest roentgenogram showed fibrosis in 
the left apex and very slight infiltration in the left lower lobe. The temperature was 95.6 I 
The sputum culture was still positive for \V. asteroides. The leukocyte count was 8,600 per 
cu. mm.; the sedimentation rate was 12 mm. Treatment with sulfadiazine is being con 


tinued 


Comment: It would be easy to see that in a case of a saccular aneurysm of the 
descending aorta a post-stenotic abscess of the left lower lobe might be produced 
However, on careful study this aneurysm seemed to extend from the upper arch 
of the aorta. Likewise, in this particular case, eight sputum specimens were found 
to be positive for Nocardia asteroides by culture and animal inoculation. In addi- 
tion, a quantity of tissue was expectorated, examination of which revealed 
Vocardia asteroides in the tissue, Four sputum cultures were negative for tubercle 


bacilli. 


Case 2 (October 10, 1954). The patient, D. R., was a sixteen-year-old white male student 
who had been a known asthmatic since the age of three, requiring symptomatic treatment 
such as sprays and an oecasional injection of epinephrine. A chest roentgenogram at the 


age of nine was said to have been normal. On September 11, 1034, the patient developed " 
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Fra. 3. Cases 2 and 6. Nocardia asteroides colonies on blood glucose agar 


high fever, general malaise, and cough productive of mucoid sputum; he had two chills. 
A roentgenogram of the chest was thought to reveal tuberculosis in the left apex. A series 
of eight sputum examinations revealed one with a few acid-fast organisms 

Upon first examination, in October, 1954, the patient was found to be well developed and 
well nourished, but with slight dyspnea. His temperature was 101.2°F.; pulse, 96 per min 
ute; and respirations, 24 per minute. There was bogginess of the turbinates, s mild pharyn- 
geal injection, and many sonorous rales throughout the chest. Asthmatic breath sounds 
were present in all areas. A few moist rales were audible in the left apex. The hemoglobin 
was 13.5 gm.; the leukocyte count, 26,200 per cu. mm with 68 per cent poly morphonuclear 
leukocytes; the erythrocyte sedimentation rate was 32 mm.; the blood culture was sterile 
A tuberculin test (OT 1:1,000) was negative 

A chest roentgenogram revealed an infiltration in the left apex suggestive of tuberculo 
sis. A series of twelve sputum examinations revealed no tubercle bacilli, but did reveal 
acid-fast staining bacilliform fragments. Culture on blood glucose agar was positive for 
Nocardia asteroides (figure 3). Three cultures were negative for M. tuberculosis after eight 
weeks’ incubation 

A diagnosis of pulmonary nocardiosis was made. The patient received sulfadiazine, 
starting on December 1, 1954, in a dosage of 1.0 gm. every four hours for one week, then, 
1.0 gm. four times daily for four months. A chest roentgenogram on January 12, 1955, showed 
some clearing of the left apical shadow. The temperature had fallen to 99.0°F. On April 14, 
1955, a chest film showed a marked decrease in the left apical lesion The temperature was 
08.4°F.; the leukoeyte count was 8,800 per cu. mm. The erythrocyte sedimentation rate 
was 12 mm. There was no further cough. The sputum was negative for Nocardia asteroides 
by culture and animal inoculation. The bronchial asthma was quiescent. The lungs were 
clear to percussion and auscultation. Follow-up observation of the patient is continuing. 


Comment: In this case, four cultures for M. tuberculosis were negative and the 
tuberculin and histoplasmin skin reactions were likewise negative. Six cultures 
were positive for Nocardia asteroides by culture and animal inoculation. In addi- 
tion, the initial chemotherapy with chlortetracycline failed to result in any 
clearing of the lesion. It is believed that this represents a case of pulmonary 
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nocardiosis and not an instance of a bacterial process which resolved promptly 
with antimicrobial therapy and in which the nocardia happened to be an added 
finding in the sputum. Moreover, the very chronic nature of the process would 
favor this diagnosis. 


Case 3 (December 14, 1953). W. 8., a 55-year-old white married male warehouse foreman, 
was admitted to the hospital stating that approximately one month previously he had con- 
tracted a cold, characterized by sneezing, rhinitis, mild cough, and generalized malaise. 
Approximately two weeks before this time, he became worse, visited his local physician who 
gave him four injections of penicillin and prescribed tetracycline and acetylsalicylic acid. 
He had had fever as high as 104°F., and had had several chills. On admission, it was learned 
that for the past two days the temperature had been much higher and the patient seemed 
much worse. He was coughing and bringing up large black mucoid clots of sputum; but 
there had been no frank hemoptysis. Night sweats had been present for two or three weeks 
There had been no known weight loss. The past history revealed excellent health throughout 
the patient’s life. There was no family history of tuberculosis. 

Physical examination revealed a well-developed and well-preserved man in moderate 
distress. The temperature was 102°F.; pulse, 120 per minute, respirations, 24 per minute 
The throat was normal. The trachea was not deviated. The right lung anteriorly, superiorly, 
and inferiorly revealed moist crepitant rales on inspiration and expiration. There was 
dullness to percussion over the right upper portion of the chest anteriorly and posteriorly. 
No rales were heard in the left lung. The hemoglobin was 12 gm.; the leukocyte count, 10,250 
per cu. mm. witha shift to the left; erythrocyte sedimentation rate, IS mm.; routine agglu- 
tinations, negative; blood culture, sterile; and cold agglutinins, negative. Culture and 
smear for acid-fast bacilli were negative. The sputum smear revealed a mixed bacterial 
flora with gram-positive cocei predominant, a few gram-negative diplocoee!, and many 
gram-positive rods. Culture on blood glucose agar revealed Nocardia asteroides. A histo 
plasmin test and a tuberculin test (OT 1:1,000) were negative. 

A chest roentgenogram upon admission revealed infiltration throughout the entire mght 
upper lobe which had the appearance of a lobar pneumonia, but also suggested the possi 
bility of a tuberculous pneumonia (figure 4). A repeat film one week later showed some 
clearing of the lesion. The patient was treated with parenteral fluids, erythromycin, and 
sulfadiazine, 1.0 gm. every four hours for two weeks, with marked subjective improvement 
and return of temperature to normal. On December 30, 1953, a chest film showed marked 
clearing of the infiltration in the right upper lobe. Sulfadiazine was continued, 1.0 gm, 
four times daily for eight months, without any urinary or hemopoietic abnormalities 

On January 20, 1954, a chest roentgenogram showed some increased markings in the 
right upper lobe, but no consolidation. On February 21, 1054, marked improvement was 
seen on the roentgenogram and no abnormal findings could be detected by physical exam 
ination of the chest. The leukocyte count was 12,200 per cu. mm.; temperature was 00.2°F 
The erythrocyte sedimentation rate was 16 mm. On February 24, 1955, slight increased 
markings were noted in the right upper lobe without signs of activity. The left lung was 
normal. The leukocyte count was 7,200 per cu. mm., polymorphonuclear leukocytes, 58 
per cent; eosinophils, 2 per cent; lymphocytes, 40 per cent. The sputum was negative for 
M. tuberculosis and N. asteroides by smears and cultures. The urinalysis was normal, The 
temperature was 98.2°F.; pulse, 76 per minute; and respirations, 20 per minute. On a return 
visit by the patient on May 15, 1955, there was no evidence of active disease, but follow-up 


observations will continue 


Comment: Examination of the original case report of this patient showed four 
cultures negative for M. tuberculosis. Nocardia asteroides was isolated on six 
oceasions by culture and animal inoculation. The marked chronicity of this in- 
fection and the facts that resolution did not occur with the usual antimicrobial 
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Pia. 4, Case 3, Roentgenogram of chest, taken on December 14, 1953, showing an in 
filtration of the right upper lobe suggestive of lobar pneumonia or tuberculous pneumonia 


drugs, that improvement and clearing of the lesions occurred, and that Nocardia 
asteroides, treated with sulfadiazine, disappeared would lend credence to the 
diagnosis of pulmonary nocardiosis. As always in such cases, it cannot be es- 
tablished unequivocally that the nocardia were not merely an incidental finding 
in the sputum and that a bacterial process was present. 


Cases in Which the Diagnosis Seems Secure 


Case 4 (May 25, 1954). H. W., a 44-year-old married white male farmer and well driller had 
apparently been in good health until ten days previously when he began running a low grade 
fever with shaking chills on several occasions. He stated that he had been sweating slightly 
at night but had had no frank night sweats. There had been no chest pain, chronic cough, 
hemoptysis, exertional dyspnea, or swelling of the ankles. The appetite had been very 
poor for the past three weeks and he claimed that he had lost five pounds. The past and 
family histories were irrelevant 

Physical examination revealed the patient to be well developed and well nourished. The 
chest was symmetrical, the trachea was not deviated, and expansion was normal. Many 
sibilant rales were heard in both right and upper lobes of the lungs The breath sounds 
seemed to be suppressed over the right upper lobe. The hemoglobin was 13.4 gm.; leukocyte 
count, AW per cu. mm.; polymorphonuclear leuko vies, 72 per cent: eosinophils l per 
cent; lymphocytes, 27 per cent; erythrocyte sedimentation rate, 28 mm_.; blood culture was 
sterile. A series of twelve sputum specimens was negative for acid-fast organisms by the 
Ziehl.Neelsen stain. A sputum eulture was negative for M. tuberculosis. A culture on Sa 
bouraud’s medium was positive for N. asteroides. A roentgenogram of the chest on May 26 
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Fic. 5 (Left). Case 4. Roentgenogram of chest, taken on May 25, 1954, revealing a dense 
infiltration with many honeycombed cavities in both upper lobes 

Fic. 6 (Right). Case 4. Roentgenogram of chest, taken on October 4, 1054, showing 
marked clearing of the infiltration in the upper lobes 


1954, revealed the heart to be normal in size and shape. Practically the entire right upper 
lobe of the lung was involved by a rather dense infiltration, being most dense in the postero 
superior segment. Many honeycombed cavities were noted. The roentgenographic diagno 
sis was probable tuberculosis in both upper lobes (figure 5). The patient was treated with 
bed rest, penicillin, and sulfadiazine, 1.0 gm. every four hours. On June 5, 1954, « chest 
film showed a density in the right apex extending from the level of the clavicle into the 
third interspace. On the left side, some strandlike infiltration was also noted throughout 
the upper third. On July 30, 1954, there was evidence of questionable activity on the left 
side, and questionable activity on the right, resembling a fibroid tuberculosis. By October 
4, 1954. the chest roentgenogram showed slight clearing in the apices (figure 6 

On February 17, 1955, no further roentgenographic activity was evident, but fibrosis 
persisted. The temperature was 98.0°F.; erythrocyte sedimentation rate was 12 mm 
leukocyte count, 8,600 per cu. mm.; differential counts, normal; urinalysis, normal, Cul 
tures for N. asteroides and M. tuberculosis were negative. Tuberculin and histoplasmin 


tests were negative. The sulfadiazine was discontinued at this point. 


Comment: This patient had six negative cultures for tuberculosis and six isola- 
tions of Nocardia asteroides by culture and animal inoculation, Likewise, the 
tuberculin and histoplasmin tests were negative. This was a very chrome pulmo 
nary condition resembling tuberculosis, but without any proof of any tuberculosis 
and with ample evidence of infection with Nocardia asterodes 


Case 6 (December 4, 1950). The patient, A. C., was a 35-year-old white marned female 
spinner who had had a slight cough with expectoration of small amounts of clear mucoid 
sputum for eight or ten months. No dyspnea, chest pain, fever, or hemoptysis were ob 
served. There had been no recent weight loss; the average weight was 100 pounds. There 
had been no tuberculosis contacts. Review of the systems was nonrevealing. The family 


history was negative. The patient states that a “‘spot’’ on the left lung had been found in 
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Fia. 7. Case 5. Smear showing Nocardia asteroides (Gram and Zieh! Neelsen stains) 


1949, and that bed rest for six months was prescribed. A roentgenogram of the chest was 
said to be negative at the end of that time 

Vhysical examination revealed a well-developed, slender young woman in no apparent 
distress. Weight was 101 pounds; temperature was 99.2°F.: pulse, 86 per minute; and res 
pirations, 20 per minute. The trachea was in the mid-line. The thorax was symmetrical 
showed normal expansion, and there was normal resonance. Breath sounds were normal 
throughout the lungs. A few moist rales were audible in the left apex. The hemoglobin 
was 74 per cent or 12.6 gm.; erythrocyte count, 3,920,000 per. cu. mm.; leukoeyte count, 
24,200 per cu. mm.; differential counts, 67 per cent poly morphonuclear leukocytes. A blood 
culture was sterile. Light sputum specimens were negative for acid-fast organisms. The 
erythrocyte sedimentation rate was 12 mm. A sputum culture was negative for VM. tuber 
culosis. The patient's skin failed to react to histoplasmin, tuberculin (OT 1:1,000). and 
Brucellergin”. A chest film showed an infiltration in both apices, probably active tubereu 
losis in the left. The patient left town for a rest in the Western states Upon return on 
December 4, 1952, a chest roentgenogram showed no essential changes. Eight sputum 
specimens were negative for acid fast organisms; erythrocyte sedimentation rate was 22 
mm.; leukoeyte count was 9,600 per cu. mm 

The patient was next seen on August 12, 1953. because she had been running a fever for 
two weeks, had been awakened in the night because of coughing and choking with four or 
five mouthfuls of blood Temperature was 08.6°F,: pulse, SS per minute; respirations, 20 
per minute. Her weight was 106 pounds. A roentgenogram of the chest revealed bilateral 
apical shadows with questionable activity on the left. Physical examination revealed coarse 
rales in both apices. The hemoglobin was 12.2 gm.; leukocyte count, 10.400 per cu. mm.; 
differential counts were not remarkable; and the erythroevte sedimentation rate was 24 
mm. A blood culture was sterile and urinalysis was negative. A series of six sputum speci 
mens showed two with faint acid-fast organisms atypical of tubercle bacilli, Gastrie wash 
ings were negative for tubercle bacilli on microscopy and culture. A sputum culture on 
blood glucose agar showed Nocardia asteroides (figure 7). A tubereulin test (OT 1: 1,000) 
and « histoplasmin test were negative 

The patient was placed on sulfadiazine, 1.0 gm. four times daily, bed rest, and suppor 
tive measures for seven months. On August 17, 1954, a roentgenogram of the chest showed 
the heart and diaphragms to be normal. There were strandlike infiltrations in the apices 
suggesting fibrosis. Sputum cultures for tubercle bacilli and fungi were negative. The 
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leukocyte count was 6,700 per cu. mm hemoglobin, 13.2 @m.; differential count normal ; 


and the erythrocyte sedimentation rate was 8 mm. Temperature was OS.0°F ; weight, 10S 
pounds. Physical examination showed no abnormalities. The lungs were clear 

A chest roentgenogram on February 25, 1955, showed no signs of activit but fibrosis 
persisted in the apices The other laboratory studies were negative at this time 


Comment: The diagnosis of pulmonary nocardiosis in this case was made by 
the isolation of Nocardia asteroides by culture and animal inoculations on four 
occasions. The chest roentgenograms suggested pulmonary tuberculosis but 
cultures for M. tuberculosis were negative on six occasions. Likewise, repeated 
tuberculin tests were negative. In addition, it is believed that the clearing of the 
infection with sulfadiazine constitutes added evidence of the diagnosis 


Case 6 (September 8, 1951). The patient was a 35-year-old white married saleswoman who 
had been well until one month previously, when she had begun to have chilly sensations 
afternoon fever of one degree, night sweats, aching all over, loss of appetite, and fatigue 

Two weeks prior to vimission she had begun to cough and had developed a sore throat 

Two days later, she spat up a plug that looked vellow and slimy. When first seen, she com 
plained of dyspnea pal pit ition and Hervotlsherss There had been some we ight los Ite view 
of systems was negative. Past history revealed that the patient had had pleurisy fifteen 
years previously; bronchopneumonia, fourteen years previously; appendeetom fifteen 


years previously ; and « tonsillectomy in childhood \ roentgenogram of the chest was 
said to have been normal in May, 1950. The family history was nonrevealing 

The physical examination revealed a young woman with a slight cough, who seemed very 
anxious. Temperature was 99.8°F.; pulse, 88 per minute; respirations, 22 per minute. Weight 
was 122 pounds. The throat was injected. The lungs expanded equally. There was slight 
dullness to percussion over the right apex, in which a few moist rales were present. The 
packed cell volume was 42 per cent; hemoglobin, 13.2 gm.; the leukoeyte count was 16,250 
per cu. mm. with 85 per cent segmented, 4 per cent unsegmented, 11 per cent lymphocytes 
The erythrocyte sedimentation rate was 22 mm. Blood culture was sterile and urinalysis 
was normal. A sputum examination revealed small yellow granules which showed mycelia 
which stained acid-fast by Ziehl-Neelson technique. A culture on blood glucose agar re 
vealed Nocardia asteroides. Culture for M. tuberculosis was negative. A tuberculin test (OT 
1:1,000) and a histoplasmin test were negative 

A chest roentgenogram showed a small area of infiltration in the right apes and a small 
calcified nodule in the left middle third. The left dome of the diaphragm was flattened 
The patient was treated with rest, sulfadiazine (2 gm. initially, then 1 gm. every four hours) 
until October 18, 1951, when a chest plate revealed only slight haziness in the right apex 
The erythrocyte sedimentation rate was 12 mm.; leukocyte count, 12,200 per eu. mim.; 
differential spread, normal; and urinalysis, negative. The temperature had become normal 
and she felt much better. Cultures of the sputum were still positive for Nocardia asteroides 
The sulfadizine was continued, 1.0 gm. four times daily, until February 25, 1952, when a 
chest film showed no evidence of infiltration in the right apex. The erythrocyte sedimen 
tation rate was then 6 mm.; leukocyte count, 7,200 per cu. mm.; polymorphonuclear leuko 
cytes, 85 per cent; hemoglobin, 12.8 gm.; sputum culture, negative for \. asteroides; and 
the urinalysis, negative 

A chest film on May 20, 1955, revealed the heart, lungs, and diaphragms to be normal 
Physical examination was normal; temperature, 08.6°F.; weight, 152 pounds; erythrocyte 
sedimentation rate, 7 mm.; leukocyte count, 6,850 per cu. mm.; and sputum, negative for 


nocardia by smear and culture 


Comment: This patient had serial chest roentgenograms suggestive of pulmo- 
nary tuberculosis, but with numerous negative smears and four negative cultures 
for M. tuberculosis. Repeated tuberculin tests were negative. There were six 
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positive cultures for Nocardia asteroides. Yellow-orange granules typical of 
Nocardia asteroides were expectorated in the sputum. This exemplifies chronic 
pulmonary infection which cleared with sulfadiazine and which is typical of 


pulmonary nocardiosis. 


Case with Classical Onset 


Case 7. Pulmonary noeardiosis (May 10, 1955). The patient was a 63-year old white female 
merchant who was well until approximately sixty days prior to her first visit, at which 
time she had begun to experience anorexia, fatigue, night sweats, generalized joint aching, 
and slight dry hacking cough. A small sore on the right hand following penetration of a rose 
thorn had persisted for two or three weeks, but was never treated. Two weeks prior to her 
firat visit she had developed an irregular fever in the afternoon, had ached in the right 
shoulder. and had coughed more frequently. One week prior to being seen, she had had 
about six chills, and had perspired very freely. She had been rather dyspneic and her heart 
“pounded .”’ The sputum was scant and yellow in appearance Review of the systems was 
negative. Past history was not significant A chest film in 1952 had been considered to be 
normal. The family history was negative for familial diseases, including tuberculosis 

Upon admission to the hospital the patient was a well-preserved woman with a tempera 
ture of 102°F.; pulse, 110 per minute; respirations, 25 per minute Her skin was hot, moist, 
and somewhat eyanotic. The neck showed no masses and the trachea was felt in the mid 
line. Expansion was reduced over the right thorax Percussion seemed resonant except for 
slight dullness near the right hilar area where bronchial breath sounds and a few scattered 
coarse rales were audible. The heart was normal in size, rhythm was normal, and no mur 
murs were heard. Blood pressure was 124 systolic, 76 diastolic in mm of mereury. There was 
asmall, recently healed sear on the right forefinger The remainder of the physical examina 
tion was normal 

Hemoglobin was 11.2 gm.; leukocyte count was 25,200 per cu. mm., with 78 per cent 
polymorphonue lear leukoeytes. The erythrocyte sedimentation rate was 32 mm.; and 
urinalysis, negative. Blood and urine cultures were sterile. A sputum specimen, obtained 
by postural drainage, was greenish yellow mucoid, and revealed gram-positive cocei and 
bacilli on smear, Cultures revealed Staphylococcus aureus and a hemolytic streptococci. A 
culture of the sputum for M. tuberculosis was negative at six weeks. A fungus culture re 
vealed gram-positive acid-fast Nocardia asteroides 

The patient's stain failed to react to PPD. 0.00002 mg., and histoplasmin. An eleetro 
cardiograph showed findings suggestive of an anterior myocardial wall insufficiency. A 
chest roentgenogram revealed the heart and diaphragms to be normal, but showed an un 
resolved consolidation of the right middle lobe of the lung 

Treatment with tetracycline, penicillin, and sulfadiazine produced a fall of the tem 
perature to normal by lysis in five days. On May 15, 1955, a chest film showed less con 
solidation. On June 4, 1955, a roentgenogram of the chest revealed considerable clearing of 
the consolidation. Sulfadiazine was continued, On June 15. 1955, a chest film showed patchy 
infiltration of the right middle lobe. The leukocyte count was 14,600 per eu. mm The eryth 


roeyte sedimentation rate was 24 mm. Treatment ts being continued. 


Comment: ‘The illness of this patient started as a rose-thorn wound of the right 
hand, which healed without treatment. When the pneumonia developed, seven 
sputum cultures were positive for Nocardia asteroides and two sputum cultures 
were negative for M. tuberculosis. Repeated tuberculin tests have been negative. 
Blood cultures were repeatedly sterile. It is assumed that this infection with 
nocardia began with the rose-thorn injury of the hand, a type of onset which 


would be more classical for nocardiosis. 
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DISCUSSION 


The recognition of pulmonary mycoses taxes the ability of the chest physician 
Nevertheless, increasing numbers of this group of diseases are being reported 
and fungal diseases should be considered in any obscure disease of the lungs. 

Although only forty-four cases of pulmonary nocardiosis could be collected 
from the literature, it is probable that many cases pass undetected. The diagnosis 
of this entity is based upon laboratory diagnosis through identification of the 
etiologic organism by appropriate smears and cultures. It is fortunate that the 
nocardia grow rather well on ordinary media under aerobic conditions. As the 
chief pathogenic species, Nocardia asteroides, is acid-fast by Ziehl-Neelson tech- 
nique, special care is required in differentiating it from Mycobacterium tuber 
culosis. Moreover, as nocardia do not survive the concentrating techniques 
commonly used in culturing M. tuberculosis, cultures for nocardia should be 
planted prior to concentrating the sputum specimen to culture for tubercle 
bacilli. 

Pulmonary nocardiosis begins as an acute pneumonitis which may become 
chronic and resemble pulmonary tuberculosis. As a consequence, in any case 
suggestive of pulmonary tuberculosis in which bacteriologie confirmation is lack 
ing, nocardiosis should be suspected. The differential diagnosis between tuber- 
culosis and nocardiosis is very important because the treatment is very different. 
Three of the patients in the present series had chest roentgenograms suggestive 
of apical tuberculosis (Cases 2, 5, and 6). One patient (Case 4) had roentgeno- 


graphic evidence of honeycombed cavities in the upper lobes, but they cleared 
following sulfonamides. Another patient (Case 3) had chest films suggestive of 
a pneumococcal or a tuberculous pneumonia of the right upper lobe. The cu- 
taneous reactions to tuberculin and to histoplasmin were negative in all 7 cases 
Cultures for M. tuberculosis were likewise negative in all cases 

One patient (Case /) had an abscess of the left lower lobe. This patient and 


one other (Case 5) were the only ones who had hemoptyses. Consolidation of the 
right middle lobe similar to that in reported cases of right middle lobe syndrome 
was present in Case 7. 

The differential diagnosis between pulmonary actinomycosis caused by the 
anaerobic endogenous Actinomyces bovis, which is not acid-fast, and pulmonary 
nocardiosis produced chiefly by the exogenous aerobic acid-fast N. asteroides 
is important. Actinomycosis may respond well to penicillin and other anti- 
microbials, whereas nocardiosis responds to sulfonamides. In only one of the 
present cases were yellow-orange granules expectorated (Case 6), whereas typical 
sulfur granules are usually expectorated in actinomycosis sooner or later, 

In all 7 cases of the present series, the sputum contained N.. asteroides. The 
erythrocyte sedimentation rates were 16 to 32 mm. During the acute illnesses, 
the leukocyte counts ranged from 10,250 to 26,000 per cu. mm. with a corre- 
sponding neutrophilia during the active disease. These findings approximated 
normal as treatment was pursued. The sputum remains positive for N.. asteroides 
in Cases I and 7. 

No correlation was found between the patient’s occupation and the occurrence 
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of nocardiosis in the present series. The group was composed of one farmer and 
well digger, one housewife, one student, one spinner, one merchant, one warehouse 
foreman, and one saleswoman 

Treatment with sulfadiazine and symptomatic measures has produced probable 
cures in 4 cases. Similar treatment is being continued in the 3 other cases. All 7 
patients will be followed over a prolonged period for any possible reactivation. 
It is important to continue the sulfadiazine therapy for many months. The usual 
precautions in detecting sulfonamide intoxication and blockage of the renal 


tubules should be carefully maintained 
SUMMARY 


Seven cases of pulmonary nocardiosis, substantiated by the isolation and 
culture of the acid-fast fungus Nocardia asteroides, are reported. 

Three of these cases simulated apical tuberculosis; one, a nontuberculous 
bacterial pneumonia of the right upper lobe; and another, a lobar pneumonia of 
the right middle lobe. An abscess of the left lower lobe was present in another 
patient; and, in the remaining patient, multiple honeyeombed cavities of both 
upper lobes were present. 

Four of the patients are presumed to have been cured following sulfadiazine 
therapy. The remaining 3 are continuing to receive treatment. 

Only forty-four cases of pulmonary involvement with nocardia have been 


found on review of the literature 


SUMARIO 
La Nocardiosia Pulmonar, Repaso con Presentacion de Siete Casos 


Preséntanse 7 casos de noeardiosis pulmonar, comprobados por el aislamiento y cultive 
del hongo Acidorresistente Nocardia aate rotides 

Tres de estos casos simulaban tuberculosis del vértice, uno pneumonia bacteriana no 
tuberculosa del I6bulo superior derecho y otro neumonia lobular del l6bulo medio derecho 
En otro enfermo hacia un abaceso del lobulo inferior izquierdo yen el enfermo restante, 
existian eavernas apanaladas maltiples en embos lébulos superiores 

Cuatro de los enfermos se supone que curaron a continuacién de la sulfadiacinoterapia 
Los otros 3 contindan recibiendo tratamiento 

En un repaso de la literatura no se han encontrado més que 44 casos de invasién pulmonar 


por nocardias 
RESUME 
Vocardose pulmonaire Revue de la littérature et rapport sur sept cas 


L’auteur fournit un rapport sur sept cas de noeardose pulmonaire confirmée par liso 
lement et la culture du champignon acido-résistant, Nocardia asteroides. 

Parmi ces cas, trois simulaient la tuberculose apicale, un autre la pneumonie bactérienne 
non tuberculeuse du lobe supérieur droit, un autre la pneumonie lobaire du lobe moyen 
droit. Il vy avait un abets du lobe inférieur gauche chez un autre malade et, chez le dernier, 
des lésions cavitaires «en nid d’abeilles» étaient présentes dans les deux lobes supérieurs 
droite 

Quatre de ces malades sont considérés comme guéris A la suite d’un traitement par la 


es trois cas restants sont encore en traitement 


sulfadiazine 
Une revue de la littérature n’a révélé que 44 eas de Iésions du poumon par nocardia 
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COCCIDIOIDOMYCOSIS' 
A Review and Presentation of 100 Consecutively Hospitalized Patients 
DENIS J. O'LEARY? ann FRANCIS J. CURRY 
(Received for publication September 1, 1955 
INTRODUCTION 


Coccidioidomycosis, which was known up to a decade ago mainly to physicians 
and mycologists working in the endemic area, must now be seriously considered 
in the differential diagnosis of chronie pulmonary lesions in nonendemic areas 
Because of the great numbers of military personnel who were stationed in en- 
demic areas during and after World War II, a widespread scattering of the dis 
ease occurred, although the area itself apparently showed no signs of expanding. 


HISTORY 


Wernicke (1) deseribed the first case of coccidioidomycosis in the Chaco re 
gion of Argentina in 1892. Four years later Rixford and Gilchrist (2) had dis 
covered 2 cases on the North American continent 

Isolation of the fungus from a patient was first achieved in 1900 by Ophuls 
and Moffit (3). Thirty-four more years elapsed, however, before it was isolated 
from the soil of Kern County, California, by Stewart and Meyer (4) 

The clinieal picture was completed in 1936 by Dickson (5) who correlated 
“valley fever” or “desert fever” as the primary stage, describing the granuloma 
or disseminated form as a later, serious manifestation 

Most of our present knowledge regarding skin testing and serology has been 
contributed by C. FE. Smith, who continued Dickson’s work 


ENDEMIC AREAS 


Outside the United States, the known endemic areas are Argentina, Vene 


zuela, Paraguay, and northern Mexico. There is some question whether Italy 
should be included 

In the United States the area extends through western Texas, along the Mexi 
can border, through the southern parts of New Mexico, Arizona, and Utah, the 


tip of Nevada, and then into the highly endemic San Joaquin Valley of Cali 


fornia. North of Fresno the disease becomes spotty. Occasionally it spills over 


the coast range westerly, being found in dry parts of Ventura and Santa Barbara 
counties. Other spotty areas are found in San Bernardino, Riverside, San Diego 


and the Imperial Valley (6 
Sporadic infections have been reported in patients who were never in an en 
demic area. Two cases were reported in Italy by Jacono in 1990, and a third by 


Denver 8, Colorado 


' From the Pulmonary Disease Service, Fitzsimons Army Hospital 
New York 
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TABLE 1 
100 Cases or 


Diagnosis 


t Documented 


(a) Resected pulmonary tissue 62 
b) Sputums, gastric aspirates, bronchial washings, or extrapulmonary 

lesions 25 

13 


tt Presumptive 
(a) Area, skin and serologic tests positive 7 
b) Area, coccodioidin-positive, tuberculin negative 
tuberculin-positive 


(ec) *Area, coceidioidin-positive 


* (Recovery of fungus four years previously with same roentgenographic lesion) 


Radaelli and Ciferri in 1934 (7). Montessori (8) discovered 3 patients with the 
disease in Naples in 1947, one of whom worked with imported grain. 

By 1935, 2 patients with coccidicidomycosis had been reported from Hawaii 
(9). One of them had handled California fruits. Another, who had handled Cali- 
fornia fruit in Nova Scotia, Canada, developed disseminated disease with fatal 
termination, described in 1950 by MeLetchie and associates (10). Bennett re- 
ported a patient in Chicago in 1954 who handled sissal (hemp imported from 
California and Mexico) while working in a mattress factory (11). 

It appears from the above that transmission by fomites occurs, but the inci- 


dence is apparently extremely rare. 


OBSERVATIONS 


The present report consists of an analysis of 100 patients with coccidioido- 
mycosis who were hospitalized consecutively at Fitzsimons Army Hospital from 
October, 1948, to March, 1955 (table 1). 

It must be emphasized that a number of these patients had been away from 
endemic areas for many years and had long-standing lesions at the time of trans- 
fer to Fitzsimons. In some patients, a diagnosis of coccidioidomycosis was docu- 
mented or presumed prior to transfer (sometimes for excisional surgery) while, 
in others, either no diagnosis or an incorrect diagnosis of tuberculosis or other 
disease had been made. Consequently, despite the fact that they represent a 


consecutive series for a given period, they comprise, to a certain extent, a selec- 


tive series by reason of transfer and age of disease. Thus, it may be possible that 
the frequency of a certain symptom or sign may not necessarily be representa- 
tive of the disease generally, although the percentages quoted follow closely 


other series published. 


GROUP 


CHARACTERISTICS OF 


GENERAL 


There was naturally a predominance of males, 87 as opposed to only 15 fe- 
males, because of the nature of the hospital. The age group was from eighteen 
to fifty-two years, with 64 patients in the twenties. There were 11 Negroes in 
the group. Three of a total of 4 cases of fatally terminating disseminated disease 
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occurred in Negroes. The incidence of dissemination of coccidioidomycosis in 
Negroes is said to be fourteen times that of whites, while their death rate is 
twenty-three times as great (12). 

Ninety-seven of the patients in this series gave a history of having been in at 
least one endemic area, 39 having been in more than one. Fifty-nine patients 
had been in California, 41 in Texas, 28 in Arizona, and 7 in New Mexico. The 
geographical data recorded from 3 patients were too inadequate to ascertain 
whether or not they had been in any of the above areas 


SYMPTOMS 


According to C. E. Smith, 10 to 15 per cent of persons residing in an endemic 
area for one year and 80 to 90 per cent residing in such an area for ten years will 


acquire infection. In 60 to 75 per cent this is subclinical and proved only by the 


development of skin sensitivity. Symptoms, when present, appear after an incu 
bation period of eight to twenty-eight (usually ten to sixteen) days, and vary 
from a mild upper respiratory infection to a more severe pneumonia-like form. 

In the present series, prior to or at the time of entering this hospital, 83 pa 
tients were symptomatic. Cough was reported by 70 patients. The cough was 
generally nonproductive or only slightly productive This is accounted for by 
the gelatinous consistency of the exudate. Chest pain occurred in 40 patients. 
It varied from a substernal pressure or unilateral ache to sharp, pleuritic pain. 
Hemoptysis or streaking was described by 18 patients. Of these, 17 had cavitary 
disease, the other showing nodular pulmonary infiltrations. Weight loss was 
noted by 8. Other less frequent symptoms were malaise, fatigue, fever, head 
ache, myalgia, dyspnea, and wheezing (table 2). 


PHYSICAL SIGNS 


Physical signs were present in 28 patients, of whom 6 had extrapulmonary 
signs only. Included in the 22 with chest signs were 3 with hydropneumothorax 


TABLE 2 


100 Cases or 


Symptoms 


Cough..... 
Chest pain 
Bleeding 
Weight loss . 
Others 
Malaise 
Fever 
Headache 
Dyspnea 
Wheezing 
Myalgia 


less frequently 


83 
70 
40 
18 
8 
q 
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TABLE 3 
100 Cases or 


Signs 


Pulmonary 22 
Parenchymal 17 


Pleural 5 
Extrapulmonary 


TABLE 4 


100 Cases oF 


Predominant Roentgenographic Patterns 


Cavitary (single and multiple) ed) 


Nodular (single and multiple 


Infiltrative 

Pneumonice 

Hilar mediastinal lymphadenopathy 
Miliary 

Hydropneumothorax 

Pleuritis with effusion 
Bronchiectasis 


Atelectasis (middle lobe syndrome) 


and 2 with pleural effusion, so that only 17 had signs referable to parenchymal 
pulmonary lesions (table 3) 
Erythema nodosum had been a feature in 2 patients and had developed in 


another during his hospitalization. Usually it appears within the first week of 


iliness and is found in 25 per cent of females as opposed to 5 per cent of males. 


It is noted less commonly in Negroes than in whites, possibly because of masking 


by pigmentation. On the other hand, dissemination rarely follows primary in 


fection accompanied by erythema nodosum. Less common manifestations of hy- 


persensitivity are erythema multiforme, varied skin rashes, conjunctivitis, and 


arthralgia 
Other systemic diseases in the present series were: diabetes mellitus, three; 


panhypopituitarism, one; and epilepsy, one. There was nothing unusual about 


the behavior of the coccidioidomycosis in these cases to warrant comment 


Roentgenographic abnormalities in the chest film are usually found in SO per 


cent of the patients with coccidioidomycosis who require hospitalization. The 


abnormalities generally clear in one to eight weeks, but may persist for two 


months in a minority. The persisting abnormalities may eventually clear or 


stabilize as residual lesions but, in approximately 10 per cent of the patients 


with such residual lesions, the disease disseminates (13) 


In the present series, upper lobe lesions were found in 67 cases in contrast to 


lower lobe lesions in 20 (table 4). The remaining 13 cases represented all lobes 
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or combinations of lobes. The lesions were right-sided in 5S, left in 36, and bi- 
lateral in 6 patients 

Cavity: An attempt was made to determine how frequently the classical thin 
walled cavity was found in contrast to a thick-walled type. Since the adjectives 
“thin” and “thick” are somewhat vague, depending on subjective impression, 
the cavity walls were measured on the roentgenograms and 3 mm. was regarded 
as the dividing line. Where there was a variation in thickness, an average was 
taken. Using these criteria, 33 of the cavities were thin-walled and 26 were 
classified as thick-walled. 

Much interchangeability was noted between nodules and both types of cavi 
ties. In a typical sequence, the center of a nodule sloughed and formed a small, 
round, thick-walled cavity. Tension would then develop and the cavity would 
become larger and thin-walled. In some instances, the cavitary lesion would 
then regress and leave a nodular residual. 

Some writers have described a different pathologic mechanism for the forma 
tion of the two types of cavity; but the present writers believe that they are 
essentially the same and represent different stages of the same process 

Nodules: “Com lesions” with central radiolucency were considered cavities, 
and lesions without the central radiolucency were designated as nodules. All of 
the excised nodules had soft, necrotic centers pathologically, and sometimes 
bronchial communication was demonstrated. Tiny satellites adjacent to cavities 
were not included in the categorization of nodules. 

Pneumonia and infiltration: Pneumonic lesions and infiltrates may be classi 
fied together, since frequently an infiltration represents the residual of a pneu 
monie lesion. Pheumonitis may take as long as two years to resolve, In the 
present series the pneumonie densities varied from small hilar foci to lesions 
which occupied more than one-third of a lung. 

Hilar and mediastinal lymphadenopathy: In a series of 75 cases of primary 
disease observed by Colburn (14), hilar lymphadenopathy alone was noted in 
24 per cent; whereas, in another 39 per cent it was seen in conjunction with 
bronchopneumonia. It is seen less commonly as a residual lesion, a fact borne 
out by this series. 

Pleural effusion: In one patient, a pleural effusion extended up to the scapula 
while, in another, the fluid obscured the costophrenic angle. In Sweigert’s series 
(15) pleural effusion was seen in 2.6 per cent of the cases, At surgery or autopsy, 
evidence is found which indicates that small, fibrinous pleural effusions are more 
common. Rarely does massive effusion occur 

Bronchiectasis and atelectasis: There were 2 patients with bronchiectasis in the 
present study and one with atelectasis which occurred as a middle lobe syndrome 


due to hilar adenopathy. 
ENDOGENOUS REINFECTION 


Endogenous reinfection in coceidioidomycosis as described by Forbus (16) 


may come from a lesion outside the lung and adjacent tissues or it may develop 


from a destructive lesion in a bronchus, perhaps in association with adjacent 
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necrotic, infected lymph nodes. A somewhat similar bronchial spread may take 
place during the course of the primary infection, merely through aspiration of 
infected bronchial contents from one part of the lung to another. 

There were 4 such patients in the present series, all with cavitary lesions and 
positive mycology. Local “spread” about the cavity was seen in 3, while in the 
fourth a new lesion appeared in the contralateral lung following bronchoscopy. 


SKIN TO COCCIDIOIDIN 


REACTION 


In order to obtain accurate results in skin testing, the following possible errors 


should be kept in mind: 


(1) The use of glassware in which other biologicals have been adsorbed. It should be 
remembered that autoclaving does not inactivate coccidioidin. Syringes should either be 


soaked overnight or boiled in dichromate solution 


(2) Contaminating the diluted coecidioidin 


(3) Injeeting an insufficient amount or injecting it subcutaneously instead of intra 


dermatly 
§) Reading too soon or too late. Twenty-four. and forty-eight-hour readings are neces 


sary (17). Sometimes induration producing only a faint pink coloration is missed. 


Coeccidioidin is not antigenic; it does not interfere with the serologic tests, nor 
does it reactivate old, quiescent lesions (18). The test becomes positive in one to 
four weeks. The degree of reaction then rapidly increases, becoming highest in 
those in whom there are other signs of hypersensitivity. In such cases, a 1: 10,000 


dilution should be used to avoid aggravation. Slow decrease in the degree of 


reaction over a decade or more is frequently observed. A 1:10 dilution should be 


used in long-standing residual lesions negative to 1: 100. 

Occasionally cases of long-standing residuals may not react even to a dilution 
of 1:10. In @ series of patients with cavitary lesions and cultures positive for 
Coecidioides immitis recorded by Smith, 16 per cent were negative cutaneous 
reactors to coccidioidin, 1: 100, and 3 per cent were negative to 1:10. When dis 
semination of the infection is present, more than 70 per cent of the patients will 
fail to show skin reactivity to coccidioidin, even in a 1:10 dilution. 

The test is highly specific except when it is necessary to use undiluted or only 
slightly diluted coceidioidin. Cross-reactions to histoplasmin, blastomycin, and 


haplosporangen may then occur (18). 

In cross-reactions with histoplasmin, Groover and associates (19) observed 
that those predominantly sensitive to histoplasmin, i.e., reacting strongly to 
1:1,000, usually showed a mild reaction to coecidioidin, 1:10. In contrast, the 
subjects predominantly sensitive to coccidioidin showed a mild reaction to histo- 


plasmin, 1:10. 

The coccidioidin skin test was performed in 96 patients of the present series 
and was positive in 71 (table 5). The 1:1,000 and 1:100 dilutions were used in 
most of the tests. Only 12 patients were tested with a 1:10 dilution of antigen, 
and of these 8 gave positive reactions. Positive reactions to histoplasmin were 


recorded in 27 of the patients, of whom 3 were nonreactors to coccidioidin. In 


those cross-reacting to histoplasmin the sensitivity to coccidioidin was greater 


in all but one. Fourteen patients with negative skin reactions to coecidioidin and 


histoplasmin showed positive reactions to tuberculin. There were no cases in 
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TABLE 5 
100 Cases 


Total Cavitary Nodular Disseminated Others 


Coceidioidin 

Histoplasmin 

Tuberculin 

Coccidioidin histo 
plasmin 

Coecidioidin-histo 
plasmin-tubereu 
lin 


which the histoplasmin reaction was positive while both the coceidioidin and 
tuberculin reactions were negative. 

In 40 of the 55 cavitary cases the coccidioidin reaction was positive and in 15 
cases the reaction was negative. Nine of the 12 patients tested with 1:10 dilu 
tion had cavitary lesions and, of these, 7 gave positive reactions. If a 1:10 dilu 
tion of coecidioidin had been used on all who were negative to the 1: 100 dilution, 
it is probable that a higher percentage of positive reactors would have been ob 
tained. Of the 15 patients negative to coccidioidin, 11 were tuberculin-positive 
Coccidioides immitis was isolated from 3 of these patients; tuberculosis had been 
strongly suspected in the remaining 8 until its exclusion by tissue examination, 

In the 31 nodular cases, the coccidioidin reaction was positive in 23, and in 5 
the reaction was negative. The results for 5 patients were not reported 

In 2 of the disseminated cases the skin reaction to coccidioidin was positive; 
in 3 cases it Was negative; and in one case the result’ was not reported, The non- 
reported and negative cases were fatal 

There were 6 positive and 2 negative reactors to coecidioidin among the 8 pa 
tients not included in the eategories described above 


SENMOLOGIC TESTS FORK COCCTDIOIDAL INFRLCTION 


Smith states that, if both precipitin and complement-fixation tests are done 


repeatedly in patients whose disease is so severe as to require hospitalization, 


the results will be diagnostic in more than 90 per cent. If dissemination de 
velops, more than 99 per cent will yield positive serologic results (18) 


In 107 cavitary cases of coccidividomycosis with positive cultures, Smith found positive 
complement -fixation reactions in 60 per cent, while in 25 per cent the reaction was entirely 
negative (18). The serologic tests are rarely positive in patients with asymptomatic pul 
monary residuals, but nevertheless the tests should be done. In Smith's series, in no pa 
tient with active primary infection without concomitant or impending dissemination were 
the serologic tests positive in the presence of a negative skin test (20 

Precipitins may be present as early as the first week after the onset of symptoms and 
are almost always present by the end of the third week, No reaction is elicited after three 
to four months regardless of the progress of the disease. Hence, the precipitin reaction is 
diagnostic, but not prognostic. Only a 1:10 dilution of the antigen need be used since the 
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TABLE 6 
100) Cases oF 


Nodular Disseminated Others 


Serologic Test 


titer is not significant, Precipitin reactions have not been noted to reappear, with one 


exception in a patient in Smith's series with hydropneumothorax (20) 

The complement-fixing antibodies appear more slowly. Only 10 per cent of the patients 
whose serums ultimately fix complement show the antibodies in the first week. Conversions 
continue into the third or fourth month. The complement-fixation reaction may remain 
positive for years, even with uncomplicated infection, whereas in disseminated coccidioido 


mycosis it may persist indefinitely even after recovery. With residual lesions, however, 


the complement fixation reaction is most commonly negative or equivocal after six months 

The titer of the complement-fixation reaction shows some correlation with the severity 
of infection; when the reaction is positive in greater than a 1:16 dilution, it is likely to indi 
cate dissemination. A 4-plus reaction to the 1:2 dilution is considered diagnostic of coce: 
dioidomycosis. Smith states that more than 40 per cent of 1,800 patients with primary 
disease whose serums fixed complement were positive in a 1:2 dilution or less; only 2.5 per 
cent of the reactions were positive in a titer higher than 1:16. In 328 cavitary cases with 
positive complement-fixation reactions, the titer was 1:2 in 50 per cent and in only | per 
cent were the titers more than 1:16. On the other hand, in 60 per cent of 400 disseminated 
-awes the titer of the reaction was more than 1:16, and in 90 per cent of the fatal cases the 
titer was even higher (18). The prognosis is considered to be excellent when a high skin 
sensitivity is present with a negative or low-titered complement fixation. When a pul 
monary lesion is increasing despite a stable or decreasing serologic titer, a cause other than 


coccidioidomyeosis should be sought (18) 
The results of serologic tests were available for 70 cases in the present series 
In 27 of the group, one or more tests were positive (table 6). Precipitins were 


present in 5 patients, 4 with pneumonia and one with disseminated disease. 
Complement fixation: The 27 cases with positive complement-fixation reactions 


were represented as follows: 


Cavitary 

Infiltrative 
Disseminated 
Nodular 
Hydropneumothorax 
Pneumonic 1 (1:40) 
Lymphadenopathy (hilar) 1 (1:2) 


The titers of the positive complement-fixation reactions ranged from 1:12 to 
1:256. The highest, as expected, were found in the patients with fatal dissemi 
nated disease 

Serologic cross-reactions with histoplasmin occurred in 11 patients; 7 of these 
also reacted to blastomycin. Collodion agglutination for histoplasmosis was post- 
tive in 8 cases. This concurs with the findings of Campbell and Binkley (21 
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AND CULTURAL CHARACTERISTICS OF COCCIDLOLDES IMMITES 


MORPHOLOGY 


Coccidioides immitis occurs in two phases: a saprophytic form which occurs in 
nature and is characterized by mycelia, hyphae, and arthrospores; and a para 
sitic form which occurs in man and animals and is represented by spherules and 


endospe res 


Coceidioidal infection of rodents, dogs, cattle, sheep, swine, monkeys, and a gorilla 
have been reported. The respiratory tract is the only portal of entry except in some labo 
ratory incurred cases, 

The spherules become rounded with doubly refractile walls, liberating endospores by 
cleavage of protopl um. The evel repeats itself. With death of the host or unfavor ible en 
vironment, germ tubes push out from the endospores or spherules, forming hyphae and 
mycelia, from which the arthrospores are formed (2la 

It should be added that arthrospores are often called chlamydospores and spherules 
termed sporangia bv those who beleve that Coceidioides tmmitia ie one ot the family of 
Phycomycetes rather than Fungi imperfecti. Both saprophytic ind parasitic phases can be 
maintained indefinitely without altering the character of the organism 

The organisms may be grown on a variety of media To identify the organism in the 
young stages, a blood medium should be used. After approximately forty hours at 37°¢ 
the colonies become raised and glistening with a purple coloration beneath, whi h extends 
from center to edge, but not beyond, when viewed with transmitted light This is the best 
stage for identification. After seventy-two hours colonies may become ‘‘fluffy”’ or “cottony’ 
in appearance, with a prickly effect due to hyphae in which the arthrospores will develop 


Pigmentation will vary according to the age of the colony, the medium, and the strain 


Gray-brown represents the usual color, but shades of pink and orange may appear In 
forty-eight to ninety-six hours a few colonies should be transferred to any of the common 
nutrient broths. This is not only safer than dealing with plates of fluffy colonies, but pro 
vides sufficient mycelium without arthrospores to insure a good reaction in the mouse and 
produce sufficient spherules for confirmation (22 

Rosenthal and Routien (23) found that, by instilling spherule -contaming sputum or exu 
date from human or animal sources into the bronchi of guinea pigs and propelling the mate 
rial by air pressure into the finer ramifications of brone hioles and alveoli, it was possible to 
produce the disease in 100 per cent of the animals The lesions were for the most part in the 
upper portions of the lungs, being single or multiple, with a lymph node component rather 
than generalized. They thus simulated human infections. The experiments of these investi 
gators showed that spherules can be infective through the respiratory route from man to 
snimal and from animal to animal. It was their conclusion that active primary or progres 
sive coccidioidomycosis in human beings should be considered contagious until proved 
otherwise. It should be mentioned, however, that foreeful propelling by mechanical intro 


duction of air may constitute an entirely different mechanism than that found in ordinary 


inhalation 


Coccidioides immitis was isolated from 41 of the OL patients of the present 
series upon whom cultural studies were made, In 35, the organism was isolated 
from sputum, bronchial washings, or gastric aspirates; in 5 others, from skin 
lesions; and in one, from thoracentesis of a hydropneumothorax 

The pathologic distribution of the 35 cases was: cavitary in 28, nodular in 4 
pneumonic in one, infiltrative in one, and disseminated in one. As may be seen, 
the cavitary lesions provided the best opportunity for isolation of the fungus 

In the 35 patients, the sputum alone was positive for ¢ vecidiodes rmmitis in 
13. the bronchial washings alone in 8, and the gastrie aspirates alone in 3. From 


this it mav be seen that not only should repeated testing be done, but all of the 
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TABLE 7 


100 Cases or 


Total Cavitary Nodular Disseminated Others 
9) 4 6 
Sputums 2 16 3 0 2 
Bronchial washings 19 17 0 
(Ciastric aspirates 6 5 0 0 
extrapulmonary | 6 
Tissue 63 35 26 | 0 2 


Tissue culture Ww 1 4 1} 11) 0 l 


available means should be used in an effort to isolate the organism for diagnosis 
(table 7). 


TREATMENT 


The medical treatment of coccidioidomycosis is singularly ineffective. Varied 
drugs, including the heavy metals, ethyl vanillate, gentian violet, sodium cap- 
rylate, protoanemonin, nystatin, fracidin, thiolutin, stilbamidine, actidione, 
prodigiosin, and the common antimicrobial drugs, have all been tried without 
success in disseminated disease 

Resection of residual lesions has gained increased support during the past 
decade. Winn (6) believes that there is no need to fear spread from cavities. He 
states that no treatment is indicated in cavities less than 2 em. in diameter 
(25 per cent), since they usually close spontaneously. He has used collapse ther- 
apy with some success in cavities between 2 and 4 cm., which are not too periph- 
erally located. This therapy has consisted of pneumothorax or pneumoperito- 
neum, sometimes supplanted by phrenic nerve paralysis. In cavities more than 
4 em., or peripheral in location, Winn prefers surgical resection. 

Cotton and Birsner (24) reported on 30 resections in September, 1950. They 
found collapse therapy of little value, whereas considerable success was attained 
by surgery. At first they were somewhat fearful of operating on active disease, 
especially in the face of positive serologic tests. However, no untoward complica- 
tions resulted in such cases. They are convinced that the complications to be 
feared are those which occur solely from the mechanical standpoint. 

In some of the resected specimens in the Cotton-Birsner series, cavities which 
had appeared thin-walled were found to have a dense, fibrous wall, difficult to 
compress manually. In others, dense adhesions were present from the cavity 
wall to the thoracic cage. It is obvious that collapse therapy could not be effee- 
tive in such cases, Cotton and Birsner regarded the following as indications for 
the surgical therapy of coccidioidomycosis: 

Special types of cavities such as giant cavities, those secondarily infected, or blocked 


cavities 
A ruptured cavity with spontaneous pneumothorax or empyema 
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Nonexpansible lung 

Continued or severe hemoptysis 

(n expanding lesion, the so-called coecidioidoma 
Failure of medical including collapse therapy 


Forsee and Perkins (25) published a series of 50 resections, and it was then 
opinion that this represented the treatment of choice both for cavitary and solid 
residuals, not only to establish diagnosis, but to prevent complications 

One complication deseribed by several authors (25-27) was the appearance of 
a new cavity in another lobe after segmental or lobar resection. Whether this 
was due to overexpansion postoperatively or to the resection of an insufficient 
amount of tissue is difficult to estimate 

Surgery was performed on 62 patients in the present series. Ten of the patients 
received medical treatment for four months or more preoperatively, with tuber- 
culosixs the presumptive diagnosis in 9; the other patient was treated for war 
wounds before discovery of his lesion. In those who received early surgery, the 
diagnosis of coccodioidomycosis had been established or strongly suspected 
prior to transfer to this hospital 

The resected lesions were cavitary in 34 patients, nodular in 25, and nodular 
and bronchiectatic in one patient. A hydropneumothorax was present in one 
and bronchiectasis alone in one patient 

The procedure varied with the type and extent of the disease. A combined 
lobectomy and segmental resection was done on one large cavitary lesion, Lobee 
tomy alone was performed in 17 patients; segmental and wedge resections in 2; 
segmental resection alone in 10 patients; a wedge resection in 3 patients; a 
ligulectomy and decortication in one; and a decortication alone in one patient 

More extensive surgery was performed for cavitary disease, wedge resection 
being done primarily for nodular lesions. Complications were of a minor nature 
in all but one patient, who developed a new cavity postoperatively. Serosan- 
guineous effusions developed in 4 and empyema in 3 patients, These all cleared 
after repeated aspirations. Coecidioides immitis was cultured from the three em- 
pyemas. Pheumothorax was a feature in 3, the collapsed lung expanding prior 


to discharge 


PATHOLOGY 


From the clinician’s standpoint the disease may be classified as pulmonary or 
disseminated 

The pathology of asymptomatic primary disease is unknown. The changes 
noted in symptomatic primary disease are based mainly on the interpretation of 
serial roentgenograms during close follow-up of epidemics. Hilar and mediastinal 
lymph node enlargement and bronchial inflammatory changes are prominent. 
Foeal or lobar consolidation of the pulmonary parenchyma, sometimes of a dis 
tinctly miliary type but more often as a homogenous, diffuse, lobar consolida- 
tion, is encountered as well as solitary areas of consolidation, sometimes with 
sharply defined cavity formation. Pleural effusion occurs and is usually small; 
occasionally it is massive. Multiple, more or less isolated areas of consolidation 
with intervening disseminated focal miliary lesions have also been observed (28). 
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Healed or progressively healing lesions may be separated chiefly into coceid- 
ioidoma or the solitary or multiple thin-walled cavities. The coccidioidoma are 
solitary or multiple lesions 1 to 3 em. or more in diameter. These are well en- 
capsulated and represent a healed focus of pneumonia. Calcification may be 
present, but, according to Forbus and others, this is unusual. The solitary or 
multiple thin-walled cavities are lined by chronic granulation tissue or partially 
by metaplastic bronchial epithelium. Both Forbus and Smith believe that these 
residuals represent a potential source of dissemination. 

Meningitis is present in 25 per cent of disseminated cases. The over-all mor- 
tality is 50 to 60 per cent. Dissemination may result in only a single extrapul- 
monary focus. Smith observed that in 419 patients with extrapulmonary lesions, 
75 (18 per cent) could be so classified. 

Very few writers have described the finding of the mycelial form of Coceid- 
ioides immitia in autopsy material or resected tissue. Forbus noted it in only one 
of the 95 autopsies of disseminated cases he studied. Puckett (29), by careful 
study of the entire resected lesions with special staining technique, demonstrated 
the mycelial forms in 34 of 64 resected specimens. They were present in 25 of 34 
cavitary lesions and in 9 of 30 coin lesions. Mycelia and spherules were seldom 
present in the wall of the same cavity. 

Puckett also noted that, in the study of solid granulomatous lesions, the intact 
spherule with endospores was frequently difficult to find, while fragments of 
spherules and scattered endospores of various sizes were numerous. 

Spherules or endospores were demonstrated in the entire 62 resected speci- 
mens of the present series.’ In addition, mycelia were noted in 34 specimens, 
25 of which represented cavities 

Cultures positive for Coecidioides immilis were obtained in 41 patients and 
were confirmed by mouse inoculation in all cases. Of these, 30 were cavitary and 


11 were nodular cases 
CORXISTING TUBERCULOSIS AND COCCIDIOLIDOMYCOSIS 


In table 8 are the data on 8 cases in which some confusion existed because of 
the isolation of acid-fast bacilli on one or more oecasions. In one case, the evi- 
dence for the presence of both coecidioidomycosis and tuberculosis is well docu- 
mented while, in 3 others, strong presumptive evidence is present. In the remain- 
ing 4 cases, in which only smears were positive for acid-fast bacilli, it is believed 
that there was insufficient evidence to support the diagnosis of concomitant 
tuberculosis 
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‘Since the report by Puckett (29) covers 64 surgical specimens received in the labora 
tory of Fitzsimons Army Hospital from September 1, 1945, to August 31, 1953, and the 
present report dates from October, 1948, to March, 1955, there is some overlap; the present 


writers, however, have no knowledge of what number this represents 
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Fic. 1. Mierogram showing rupture of a spherule with liberation of endospores 


Fic. 3. Microgram demonstrating spherules and mycelia in resect 


ie Fic. 2. Mierogram demonstrating mycelia in resected tissue 
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” 
Fic. 4. “Typical thin-walled” eavity 
Fic. 5. Chest roentgenogram showing cavitary lesion due to coceidioidomycosis, right 

upper lobe. This was removed by lobeetomy 
Fic. 6. Chest roentgenogram demonstrating new cavitary lesion due to cocerdroidoms 

cosis two and one-half vears following lobectomy for right upper lobe cavity, Same patient 

as figure 5 
Fic. 7. Chest roentgenogram showing cavitary lesion in left midlung field ten da 


fore bronchoscopy 
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Fie. 8. Chest roentgenogram of patient of figure 7 four days following bronchoscopy. 
There has been bronchogenic spread to the right. Sputum positive for C. immitis was ob- 


tained for the first time following demonstration of this spread. 

Fic. 9. Chest roentgenogram showing several of the roentgenographic patterns of cocci- 
dioidomycosis: enlarged hilar nodes; an area of pneumonia in right midlung field; a thin 
walled cavitary lesion in the right upper lobe with small satellite nodules below in the 
second interspace anteriorly; and a fine nodular pattern throughout both lung fields due 
to hematogenous dissemination, 

Fic. 10. Chest roentgenogram of patient of figure 9 (seven weeks later), showing clearing 
of the area of pneumonia. Enlarged hilar nodes, cavitary, nodular, and disseminated 
lesions remain unchanged 

Fro. 11. Chest roentgenogram of patient of figure 9 (three weeks later), showing further 
clearing of area of pneumonia in right midlung field. The disseminated lesions throughout 
both lung fields are more apparent. The other lesions remain essentially unchanged. The 
patient died shortly after this film was obtained. 
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THE REFLEX RESPONSES TO INFLATION OR DEFLATION OF THE 
LUNGS AND THEIR IMPORTANCE IN THE 
REGULATION OF RESPIRATION' 


J. GARCIA RAMOS 
Received for publication May 19, 1955) 


INTRODUCTION 


Since the classical description of Hering and Breuer in 1868 (1), it is known 
that inflation or deflation of the lungs produces marked changes in the rate of 
breathing. However, very little attention has been given to the possible im- 
portance of this knowledge in the regulation of respiratory activity. In all of the 
reviews on the control of respiration, this control is mainly attributed to oxygen 
and carbon dioxide tensions and to hydrogen ion concentration (2). The inflation 
or deflation reflex responses are accorded only a small part in determining the 
frequency and length of the cycle of the respiratory movements. With the growth 
of thoracic surgery, however, cases of inflation or collapse of part or all of a lung 
are seen daily, and it is necessary to consider to what extent the accompanying 
respiratory changes can be due to the activity of these reflexes. 

In some patients in whom part of the lung tissue has been excised, and in whom 
the resection has not been followed by thoracoplasty, a great reduction in dia- 
phragm movement is often reported. This reduction is commonly ascribed to 
muscle paralysis, an explanation that is not always satisfactory. In these patients, 
the remnant lung tissue is stretched in order to fill the chest cavity, and the lung 
will be in the same condition as an experimentally inflated lung. The same can 
be said if part of the lung is destroyed by a pathologic process. 

There are some other reports of dyspneic patients, particularly with emphy- 
sema, in whom the collapse of the distended lung has been followed by a reduction 
of the dyspnea. The question is: Does the Hering-Breuer reflex maintain in- 
hibited respiratory movements for long periods of time, even if there is some 
degree of superimposed asphyxia? The purpose of the present study is to try 
to obtain experimental data to answer that question. 

It was believed that, first, a quantitative study of the reflexes was needed; 
next, an attempt should be made to see if the characteristics of accomodation 
were such that they could explain the observations after long periods of time; 
and finally, a comparison should be made of the relative importance of the re- 
flexes upon the control of breathing when induced under conditions of altered 
oxygen and carbon dioxide tensions. 

It is recognized that inflation or deflation of the lungs stimulates different 
kinds of receptors which can give rise to different types of responses (3). In the 
present paper, however, as the stimulus intensities were kept within the proper 
limits, the designation of Hering-Breuer reflexes is used to describe the inhibition 

'From the Department of Physiology, Instituto Nacional de Neumologia, Tlalpan, 
D. F., México. 


519 


> 


520 J. GARCIA RAMOS 


of respiration following inflation and the increased breathing activity after de- 


flation of the lungs. 


METHOD 


Rabbits under pentobarbital sodium (Nembutal) anesthesia were used, A glass tracheal 
cannula with three extern il openings was inserted. To one of them was connected the 
eyatem which permitted change of intrapulmonary pressure At another, a thermocouple 
constantan-copper) Was placed to measure the changes in pulmonary ventilation (the 
rate of gas flow in and out of the lung was indieated by the rate of cooling or warming of 
the junetion The reference junction was in a thermostat at room temperature The third 
opening was either left exposed to the atmospheric air or could be connected to a spirometer 

The system for intrapulmonary pressure changes consisted of what was essentially a 
container of approximately one gallon capacity, im which a continuous pressure either 
positive or negative, was maintained by means of 4 pressure or & vacuum pump. By working 
one of these pumps continuously, and by means of an adjustable leak in the system, It was 
possible to have @ fixed sustained pressure and to reduce to a minimum the transient changes 
which occur when connecting the «vatem to the lungs The pressure was read in a mereury 
manometer 

Complementing the information obtained with the thermocouple, parti ularly during 
the time in which the stimuli were being applied or when the tracheal cannula was closed 
was the electrical activity of the diaphragm musele, recorded by means of fine steel serrefine 
electrodes placed over the anterior surface of the muscle fibers which insert themselves at 
the xiphoideal appendix. In some eases, the oxygen saturation of the arterial blood was 
determined by means of an earpiece of the Wood type and a Grass balance -demodulator 
unit. Routinely, an eleetroe ardiogram was also taken. All of these electrical records were 
obtained on a three channel, ink writing oscillograph (Grass electroencephalograph model 
Hib 

The intrapulmonary pressures applied were made to vary between minus 20 to plus 20 
mm. of mereury. The anim il could be breathing air all the time, or could be breathing the 
gas mixtures in the bell of the spirometer, Sometimes, however, during the application of 
the stimulus, the third opening in the tracheal cannula was closed, thus bringing the animal 
to conditions of asphyxia Routinely, a negative pressure Wis followed by a positive one in 
order to prevent changes due to hysteresis of the lung tissue 

Ventilation was judged by the amplitude of the records given by the thermocouple and 
by integrating in time the records of the electrical activity of the diaphragm, 4» described 
in an earlier paper from this department (4 In neither case were absolute values con 


sidered 
RESULTS 
The Stimulus-Response Relationship 


The respiratory responses obtained during short periods of inflation or de 
flation of the lung are proportional to the strength of the stimulus, 1.c., to the 
magnitude of the pressure applied. As is known, they consist of the inhibition of 
respiration with positive pressures and the increase in respiratory activity with 
negative pressures (figure 1). 

The responses were taken to be the relationship between either ventilatory 
or electrical activity of the diaphragm, integrated for the first cycle following the 
stimulus, and the activity for the same period of time during control conditions. 

The curves expressing that relationship changed with different experimental 
conditions. In general, they were of the type shown in figure 2. It may be noted 


that the threshold could be as low as | mm. of mereury 


p 
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Fic. 1. Typieal responses to inflation (A, C, kk) and deflation (B, D, F) of the lung 
In each instance, the upper record is the electromyogram of the diaphragm; the middle 
record is from the thermocouple in the tracheal cannula, inspiration upwards; and the 
lower record is that of the oxygen saturation of arterial blood. Between the arrow marks a 
pressure was applied of 2, 4, and 8 mm. of mercury for A, C and E, respectively, with the 
trachea oecluded. The same values, but of negative pressure for the corresponding records 
are in the same row. The inverted arrow below each oxygen saturation record corresponds 
in time with the end of the stimuli applied, since the measurement was recorded with a 
longer pen and is, therefore, displaced to the left. The horizontal line at the bottom rep 
resents thirty seconds 


2 A B 


hic. 2. Curves showing the relationship of stimulus intensities and magnitude of re 
sponses to positive pressures in A and negative pressures in B 

The dots correspond to the control conditions. The crosses are the values obtained when 
the oxygen tension in the inspired air was reduced to 10 per cent 

Abscissae pressure apple din mm. of mereurs Hy ordinates: re lation between inte 
grated respiratory activity during the first eyele following the stimulus and the aetivity 
for the same period of time during the control conditions. In B, the ree Iproe sl of this rela 


tion was the one plotted 
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After completion of one of these curves for the control conditions, a change was 
made and a whole curve was then obtained. It may be noted that these curves, 
in order to have an exact measure of the pressure applied, were obtained by 
closing the third tracheal opening. Thus, the stimulus was superimposed with 
some degree of asphyxia, the effects of which were controlled by taking a measure- 
ment with the pressure system at 0 mm. of mercury, from time to time, and sub- 
tracting these measurements from the values obtained with the pressures applied. 

Effects of anesthesia: The surgical level of anesthesia was found to have very 
little effect either on the threshold or the magnitude of the responses to inflation 
or deflation of the lung. Of course, this is only an extrapolation, but the writer 
believes that, if the animal's state of anesthesia were allowed to become very 
light, the responses would not show any increase. On the other hand, with too 
much anesthetic (more than 60 mg. per kg.), the threshold rose and the magnitude 
of the responses decreased, except for positive pressures of relatively large in- 
tensities. In these last cases, the respiration was inhibited for longer times than 
in the control observations. 

Effects of anoxia: In the animal breathing from a gas mixture in which the 
oxygen tension had been reduced below that in the normal air, the responses ob- 
served were very much the same as those obtained with too much anesthetic 
A typical observation is illustrated in figure 2. It was necessary, however, to 
reduce the oxygen tension significantly (below 10 per cent) or to maintain a low 
oxygen saturation in arterial blood (less than 80 per cent) for many minutes in 
order to see an effect. 

Breathing pure oxygen did not have any effect on the reflex responses. 

Effects of carbon dioxide: A moderate increase in the carbon dioxide tension 
in the inspired air did not seem to have any effect on the relation of stimulus to 
response. It is true that inhibition of respiration with the inflation of the lung 
had a low absolute value and that the hyperpnea due to deflation was greater, 
but these changes were proportional to the increase in the basal respiratory ac- 
tivity. It is only necessary to multiply the absolute values obtained by the rela- 
tion between the corresponding basal activities to have curves similar to those 
for the control period. 

Decrease of carbon dioxide tension in the animal tissues, produced by previous 
hyperventilation, had the opposite effect on the absolute values. Again, the rela- 
tion stimulus response was unaffected. 

Effects of varying the number of stimulated receptors: The wamber of receptors 
stimulated could be reduced by tying a main bronchus or one of its branches, or 
by a partial or total crushing of the vagus nerves. In either case, the reflex re- 
sponses thus obtained were correspondingly smaller. The responses obtained 
after occluding a main bronchus or after cutting one of the vagus nerves were 
reduced to about half those seen in the intact animal. Double vagotomy com- 
pletely abolished the reflexes. 

Opening of the chest cavity did not have any effect on the responses, even if, 
as was usual, the whole sternum and the anterior portion of the ribs were re- 
moved. The responses were dependent upon the state of inflation or deflation 
of the lung and not on the movements of the chest wall. 
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The Accomodation of the Reflexes 


In another series of observations, the pressure was applied while the third 
tracheal cannula orifice remained open all the time. The animal was thus free 
to ventilate his lungs and there was no chance to create artificial conditions either 
of asphyxia or of hyperventilation. Under these conditions, the manometer read- 
ing cannot give an exact measure of the intrapulmonary pressure; the results, 
therefore, were not used for comparison with those described in the previous 
section, but were used just to follow the changes in the responses with time. 

It was observed that, with the application of either positive or negative pres- 
sures, the frequency response soon reached an equilibrium. The curves illustrated 
in figure 3 show typical examples. In this particular case, the stimulus was main 
tained for only three minutes. Stimulation for longer periods of time did not 
change that picture (figure 4). Of particular interest is the fact that the ventila- 
tion of the lungs was equally changed in the same direction, and maintained at 
the new level for the entire period of stimulation, which in some cases was more 
than one hour. In figure 4 is illustrated the change in oxygen saturation of arterial 


blood after prolonged stimulation. A strong positive pressure could maintain 


the inhibition of the respiration in such a way that even the apparent signs of 
hypoxia were not enough to counteract the reflex inhibition (figure 5). 

Another interesting point is that suppression of the stimulating pressure did 
not only bring to an end the corresponding reflex response. The change actually 


° 
6 ' 2 minutes 
Fic. 3. Changes in the Hering-Breuer reflex responses with time. Stimulus applied with 
the tracheal cannula open 
Broken line: positive pressure; continuous line: negative pressure of the same value 
Note that an equilibrium was reached very quickly, and that the “‘off’’ response at the 


end of a three-minute period of stimulation consisted of a change in the opposite direction 


523 

' 
2 
100 
60 

t 
\ 


Fig. 4. Reflex regulation of pulmonary ventilation. Explanation of records is the same 
as for those in figure |! 

A. A positive pressure was applied at the arrow in an animal with the tracheal cannula 
open. The decreased respiratory activity was maintained for the entire period of stimula 
tion (ten minutes in this case 

B. The end of the stimulus is indicated by the inverted arrow. There was a sudden change 
that quickly came to a new equilibrium, but at a different level from that of the control. 

C and D. The corresponding records for a negative pressure stimulation 

The broken line is the reference line, the normal value in oxygen saturation of the ar 
terial blood if the stimulus had not been applied 

Time calibration: thirty seconds 


A B 


A--- 


Fic. 5. Reflex response to inflation superimposed with asphyxia. Explanation of records 
is similar to that for figure 1. The middle reeord is an EKG 

A. Control 

B. After a positive pressure applied (10 mm. of mereury) with the trachea oeeluded 

C. Two minutes after application of positive pressure. Asphyxia of the animal is indi 
cated by the slowing of the heart and the reduction in the amount of excitation in the re 
spiratory center 

91). Three minutes later. Note the severe condition of asphyxia 

Ek. After removing the pressure. A new equilibrium had been established, this time in 
hyperventilation 
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observed was precisely in the opposite direction. In other words, at the end of 
an applied positive pressure, an increased respiratory activity appeared well 
above the control level. The changes in blood oxygen saturation were not enough 
to explain this phenomenon. With applied pressures of increasing duration, the 
change became more and more prominent until, with stimuli of several minutes’ 
duration, the “off” response was equivalent to the application, during the control 
period, of a stimulus of the same magnitude but opposite in size (see figure 3) 


DISCUSSION 


Most papers dealing with the Hering-Breuer reflex consider only the changes 
in breathing rate as a measure of the activity of this reflex. As Widdicombe (3) 
points out, this criterion is convenient for some purposes but, as it does not take 
into account tidal volume and respiratory muscle tone, it cannot be regarded as 
a good index of Hering-Breuer reflex activity. 

In the present study, the actual pulmonary ventilation was not measured 
directly. For short periods of time, however, the records obtained with the 
thermocouple inserted in the tracheal cannula are, at least theoretically, pro- 
portional to that value. They give the rate of cooling during inspiration and the 
rate of warming during expiration, and this is proportional to the velocity of air 
flow. As the tracheal cannula is a tube with a constant cross section, at any given 
moment the rate of flow will be proportional to the amount of air flowing. There- 
fore, if one can eliminate the sources of error, such as changes in the temperature 
of the animal or the atmospheric air, or in the tracheal cannula itself, the records 
obtained will be a good index of the changes in lung ventilation. Unfortunately, 
the limitation of this method occurs precisely when the stimulus is applied. If 
the trachea is open, there will be a continuous flow of cool air from the stimulat 
ing system to the outside, or vice versa. If the trachea is closed, the actual move 
ment of air through the cannula will be very small. In this last case, it is evident 
that ventilation will be almost zero. 

When the tracheal cannula is open to the outside, a good criterion for changes 
in. ventilation is the actual determination of oxygen saturation in arterial blood 

By recording the electrical activity of the diaphragmatic muscle, one can follow 
changes in muscle tension. There is evidence that electrical activity of the dia- 


phragm is a very good indication of breathing activity, at least for the rabbit 


under anesthesia (4). This type of correlation between electrical activity and 
tension developed has been found to be true for other kinds of muscles (5) 

All types of measurement used were found to complement each other and give 
the same kind of information. 

The methods adopted here of determining the whole curve of respiratory 
activities under different pressures and of alternating a positive with a negative 
pressure reduced to a minimum the actual possible deviations in these kinds of 
measurement, 

Adrian (6) has already shown that the responses of the pulmonary receptors 
are practically unaffected by decreasing the oxygen or increasing the carbon 
dioxide tensions in the inspired air. [It can be concluded, therefore, that, if a 
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change in the reflex responses is observed by this mechanism, it must be due to 
an effect upon the integrating centers of respiratory activity. The facts that an 
increase in carbon dioxide tension does not have any appreciable effect and that 
a great decrease in oxygen tension is necessary to produce some change in the 
Hering-Breuer reflex responses (see figure 2) support the idea presented by many 
writers of the duality of the central mechanisms (7). 

The main points it is important to emphasize are that the Hering-Breuer re- 
flex can control respiratory activity (see figures 1, 3, and 4) even in conditions 
of severe asphyxia (see figure 5), and that the response soon comes to an equilib- 
rium, which can last indefinitely (see figure 3), even if pulmonary ventilation 1s 
markedly shifted from the normal values (see figure 4). These points show that 
the organism can adapt itself to the changes of the gas tension in the blood more 
easily than to the reflexes under consideration. 

Other data are available in the literature which show that organisms do adapt 
to changes in the tensions of the respiratory gases (8). 

The present results can explain the clinical observation in which lung ventila- 
tion is seen to be impaired after partial pulmonary resection unaccompanied by 
thoracoplasty. The same may be said about the decortication of a lung that has 
been imprisoned by a thick pleura for a long time. In these cases, the remaining 
or the entire lung must be distended to occupy a greater volume. Another pos- 
sible role of these reflexes is in lung emphysema or asthma. If the loss of elasticity 
and destruction of zones of lung tissue, or any other cause, produces some degree 
of distention of the rest of the alveoli, that distention can induce, reflexogenically, 
a decrease in respiratory activity of the muscles. The observation that emphy- 
sematous patients sometimes show an improvement when their lungs are partially 
collapsed, as during pneumoperitoneum, gives additional support to the idea 


proposed. 


SUMMARY 


In rabbits anesthetized with pentobarbital sodium (Nembutal®), the respira- 
tory responses to inflation or deflation of the lung were measured by integrating 
in time the ventilation recorded by means of a thermocouple inserted in the 
tracheal cannula and the electrical activity of the diaphragmatic muscle. Changes 
in ventilation were also followed by recording the oxygen saturation in arterial 
blood. 

The results show: that there is a definite relationship between stimulus and 
response which can be used for quantitative studies (see figure 2); that this re- 
lationship does not change with anesthesia up to the surgical level or with mod- 
erate increase or decrease of oxygen or carbon dioxide tension in the inspired air. 


Only with severe reductions in oxygen tension is there a rise in threshold and 
more marked inhibition to inflation of the lung with large positive pressures; 
the Hering-Breuer reflex can maintain a level in pulmonary ventilation for in- 
definite periods of time (see figure 3) even if it appears to be a condition of hyper- 
ventilation or of asphyxia (see figures 4 and 5); the organism adapts itself more 
easily to changes of the gas tensions in the blood than to the Hering-Breuer reflex. 
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The possible importance of this reflex in some clinical conditions is emphasized. 
Lung resection, when not followed by a corresponding thoracoplasty, leaves the 
remnant tissue to become distended to fill the space; this state would induce a re- 
flex inhibition of the respiratory muscles, a fact which actually has often been 
reported. Asthma and emphysema are other diseases in which the Hering-Breuer 
reflex might play a part. 


SUMARIO 
El Reflejo de Hering Breuer y su Importancia en el Control de la Respiracion 


En conejos anestesiados con pentobarbital sodico Nembutal®™ se estudiaron las res- 


puestas respiratorias « la distensién y al colapso del pulmén, integrando en el tiempo la 
ventilacién registrada por medio de una termopila insertada en la e&nula traqueal y la 
actividad eléctrica del diafragma. Tambien se siguieron los cambios en la ventilacién, en 
los registros de la saturacién de oxigeno de la sangre arterial 

Los resultados obtenidos muestran: Que hay cierta relacién entre la intensidad del 
estimulo y la magnitud de la respuesta que puede ser usada en los estudios cuantitativos 
(figura 2); Que esta relacién no cambia con el grado de anestesia hasta el nivel quirdrgico, 
tampoco con cambios moderados de las tensiones del oxigeno y del bioxido de carbono en 
el aire inspirado. Con la reduceién acentuada en la tensién de oxigeno hay aumento de! 
umbral y mayor inhibicién por la distensién del pulmén con presiones positivas elevadas ; 
Que el reflejo de Hering-Breuer puede mantener un nivel de ventilacién pulmonar por 
tiempo indefinido. (figura 3) aun cuando haya signos evidentes de hiperventilacién o de 
asfixia (figuras 4 y 5); Que el organismo se adapta mas facilmente a los cambios en la tensién 
de los gases de la sangre que al reflejo de Hering-Breuer 

Se sefiala la posible importancia de este reflejo en algunas condiciones clinicas. bn las 
resecciones del pulmén, si no van seguidas de la toracoplastia correspondiente, el resto del 
pulmoén es distendido para llenar la cavidad y esto puede inducir la inhibicién refleja de los 
misculos respiratorios que a menudo ha sido deserita. Otros casos en que el reflejo de 
Hering- Breuer puede desempefiar cierto papel son el asma y el enfisema pulmonar 


RESUME 


Les réponses réflezes a l'inflation ou a la déflation des poumons et leur importance dans la 
régulation de la respiration 


Chez les lapins anesthésiés au pentobarbital sodique (Nembutal®), les réponses de la 
ventilation a l’inflation ou a la déflation du poumon ont été déterminées en intégrant dans 
le temps la ventilation, enregistrée A l'aide d’un couple thermoélectrique inséré dans la 
sonde trachéale, et l'activité électrique du diaphragme. Les variations de la ventilation 
ont été également suivies en enregistrant la saturation du sang artériel en oxyvgene 

Les résultats montrent: qu'il y a une corrélation définie entre le stimulus et la réponse 
A Vexcitation qui peut étre utilisée pour les études quantitatives (Fig. 2); que cette corré 
lation n'est pas modifiée par un degré d’anesthésie atteignant le niveau chirurgical ou par 
laccroissement ou la réduction de la tension de Voxygene ou du CO, dans l'air inspiré 
L'élévation du seuil et une inhibition plus accentuée de Vinflation du poumon, sous lin 
fluence de pressions positives Glevées ne se manifestent que lorsque les réduections de ten 
sion de l’oxygéne sont importantes. Le réflexe Hering Breuer peut maintenir la ventilation 
pulmonaire A un certain niveau pendant des périodes de temps indéfinies (Fig. 3), méme 
en présence d’hyperventilation ou d’asphyxie (Fig. 4-5). L’organisme s'adapte plus facile 
ment aux Variations de tension des gaz dans le sang qu’au réflexe Hering Breuer 

L’ accent est mis sur l'importance que peut avoir ce réflexe dans certains états cliniques 
Les résections pulmonaires, non suivies de thoracoplastie correspondante, laissent en 
place un tissu résiduel qui se dilate et oecupe l'espace libre. Cette condition étant apte a 
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provoquer une inhibition réflexe des muscles respiratoires 


porté. L’asthme et Vemphystme sont d'autres ¢ 


pourrait jouer un role 
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CORRELATION OF BIOLOGIC PROPERTIES OF STRAINS 
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IV. Fractionation and Comparison of the Lipids of Human Strains of Mycobacterium 
Tuberculosis by Means of Their Infrared Spectrums 
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INTRODUCTION 


It has previously been shown by means of infrared spectroscopic examination 
of extracts and fractions prepared from tubercle bacilli that chemical differences 
exist between various strains of mycobacteria known to be biologically distinct. 
Reproducible chemical differences were shown to exist between the HS37Rv and 
H37Ra strains of M. tuberculosis (1), even when the extracted lipids were known 
to be complex. Tubercle bacilli of the avian variety could be differentiated from 
the mammalian varieties, again using a crude but reproducible extract (2). The 
chemical differences existing between human and bovine strains were not of the 
same order of magnitude; consequently, their recognition depended upon a more 
complete resolution of the extracted lipids. This was ultimately accomplished by 
means of column chromatography (3). 

In continuing this work it has seemed of interest to the present writers to apply 
the techniques of column chromatography and infrared spectroscopy to other 
problems in the same general field. Observed variations in the resistance of strains 


of Mycobacterium tuberculosis to alcohol of different concentrations (4-6), strepto 


mycin (7), and other agents (8) have suggested that tubercle bacilli of human 


origin might be subdivided, perhaps on the basis of chemical differences 

The purpose of the work described in the present paper is to find out to what 
extent a number of human strains of M. tuberculosis, known to be virulent for 
guinea pigs, may differ chemically. This was done by fractionating the bacterial 
lipids by column chromatography and by identifying the eluted compounds or 


mixtures by their infrared spectra 
MATERIALS AND METHODS 


The cultures used for this investigation were all recent isolates from sputum with the 
exception of strains 225 NIH 199RB) and 265 (H37Rv). Two of the recently isolated strains 
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TABLE 1 
ror Tax Extraction or Lipips or THE TUBERCLE BaciLiLus 


Cultures grown 6 weeks at 37°C. (modified Long medium) 


Media removed under vacuum; 
cells allowed to stand in 1:1 
ethanol-ether for 48 hours then 
collected on Buchner funnel 


Original ether-ethanol extract Cell mass 


evaporate to dryness 


Re-extract with ethanol-ether 
for 24 hours 


extract Cell residue 
Concentrate to dryness, pool with original 
and partition between water and ether; extract with CHCl, (24 hours) 
chromatograph the ether soluble fraction | 


Cell residue 


extract 
Concentrate to dryness and Diseard 


prepare for chromatography 


came from G. Canetti at the Pasteur Institute, Paris, France; two from A. T. Wallace, 
Edinburgh, Seotland; and the remaining eight, from several hospital laboratories in the 
United States. As mixed cultures of tubercle bacilli have been reported by various inves 
tigators (9-10), all strains were passed through a series of single-colony isolations. These 
isolations were accomplished by first growing the cells in liquid Tween”-albumin medium 
and then plating suitable dilutions on oleic-acid-albumin agar. The organisms were grown 
in mass culture on modified Long medium (11) and were incubated at 37°C. for six weeks. 
After incubation the medium was withdrawn under vacuum and discarded, and the cell 
mass was extracted directly according to the flow diagram summarized in table | 
After testing several adsorbents, Magnesol®*® was chosen and chromatographic columns 
50) by 900 mm.) were packed with 85 to 100 gm. of a mixture of one part Magnesol™ and 
one part Celite®.* The fraction to be chromatographed was dissolved in petroleum ether 
(60 to 75°C. boiling range) and was applied to the top of the column. The columns were 
sequentially developed with 1,800 ml. amounts of petroleum ether, petroleum ether-benzene 
(50.50), benzene, benzene-ether (50-50), and various mixtures of methanol in chloroform 


The columns were treated as adsorption-elution chromatograms and the eluates (250 to 
300 ml.) were collected as they dripped from the columns. The eluates were evaporated to 
dryness and the infrared spectra of the residues were recorded. Samples suspected of being 


complex were re-chromatographed on smaller diameter columns (13 by 900 mm.), packed 
with 15 to 18 gm. of adsorbent, and 10 ml. eluates were collected 


RESULTS 


A few of the many infrared spectra obtained of free mycolic acids may be seen 
in Plate I. Figure | is the spectrum of pure alpha mycolic acid from Dr. Edgar 


* Obtained from the Westvaco Chlor-Alkali Division, South Charleston, West Virginia. 
* Celite Analytical Filter Aid was obtained from Johns Manville Company. 
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FIG. 1 
ACID 
LEDERER) 


Piate |. Spectral comparison of column-eluted mycolic acids with pure mycolic acid 


Lederer (Paris). Figures 2-4 are the spectra of this acid eluted from three different 
chromatographic columns. Not only were the spectra of the three eluates ob- 
tained from three columns set up at different times, but the lipid mixtures ap- 
plied to the columns were also somewhat different. Thus for figure 2 the mixture 
applied te the column (charge) was the total lipids extracted from the tubercle 
bacillus (strain 265) in a mixture of equal parts of methanol and chloroform 
For figure 3 the charge was the ether-soluble portion of the ethanol-ether extract 
of strain 225, while for figure 4 the charge was from the total chloroform extract 
of the same strain. These charges of varying chemical content resulted in eluates 
of different composition except when they were pure compounds or, possibly, 
mixtures of constant content. The remarkable similarity of the spectra on Plate 
I indicates the excellent resolving power of the 50 mm. columns. 

It is interesting to note that there is a variation in the amount of free mycolic 
acid found in the lipid extracts of various strains. It may be that this variation 
is correlated with the length of time a culture has been maintained on laboratory 
media, since strain 265 (H37Rv), actually maintained for fifty years on labora- 
tory media, has been shown to contain 10 per cent free mycolic acid in the 
ethanol-ether soluble lipids in five distinct experiments. Likewise, strain 225, 
maintained for fifteen years on laboratory media, has been shown to contain from 
2 to 4 per cent of free mycolic acid in the ethanol-ether soluble lipids while 
strain 244, isolated some five years ago, contains approximately 0.5 per cent of 
this acid. The fact that mycolic acid has been shown to exist as the free acid in 
some strains of tubercle bacilli is a confirmation of Lederer’s work (12). 

In Plate IT are shown two spectra of a compound believed to be the salt of 
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FIG 2 
STRAIN 225 


Piare Il. Spectra of salts of alpha mycolic acids 


alpha mycolic acid. Figure | is the spectrum of this compound eluted from a 
column charged with the methanol-chloroform soluble lipids of strain 265, while 
figure 2 is the spectrum of the same compound eluted from a 13 mm. column 
which was charged with a fraction (strain 225) eluted earlier in benzene-ether 
from a 50 mm. column 

These spectra show in the intense band at 6.4 mu the characteristics of an 
ionized carboxylate group, COO~. The sample, when treated with ether saturated 
with hydrogen chloride gas, gives the spectrum of alpha mycolic acid, indicating 
the conversion of the salt to its free acid. The spectra of Plate II for this reason 
are labeled salts of alpha mycolic acid. Thus far, this compound has been found 
in a pure state only in strains 225 and 265. In a limited number of chromato- 
graphic separations of the chloroform soluble waxes, however, this salt has ap- 
peared in impure form in strain 2445). 

It should be noted that, when the total lipids soluble in methanol-chloroform 
are cooled to 5°C. in this solvent pair, a white amorphous solid separates. This 
5°C. insoluble fraction from strain 265 shows the band at 6.4 mu, along with other 
strong bands, and this band can also be made to disappear by treatment with 
HC! in ether. Accordingly, it would seem that the salt is normally present in 
this strain and that the chromatographic column is not responsible for its 
presence. 

Figure | of Plate III is the spectrum of pure dimycoceronate of phthiocerol 
as acquired from Dr. Lederer, while figures 2-4 are examples of some of the 
spectra of the compound eluted from columns. The similarity of these four spectra 
is very marked, leaving no doubt of the identity of the eluted compounds. One 
variation that has resulted from the passage of cultures through a series of single- 
colony isolations is seen in strain 244S,. This strain differs from the parent strain 
244-0 (“O” for original) in that the ether soluble portion of the ethanol-ether 
lipids does not contain measurable quantities of the very prominent dimycocero- 
nate of phthiocerol. This compound makes up 10 to 15 per cent of the lipids of 


all other strains studied thus far. 
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STRAIN 245 


Piate IIL, Comparison of spectra of dimycocerenate of phthiocerol type of compounds 


The infrared spectrum of crystalline films of aliphatic or straight-chain satu- 
rated fatty acids is very characteristic and easily recognized. An identifying 
region of the spectrum is the region between 7.7 and 8.6 mu (Plate IV); in this 
region a series of absorption bands appear which have been designated as “fine” 
or “feather” structure. Sinclair and associates (13) have made extensive studies 
of this phenomenon and state that the fine structure is due to methylene 
(CH, ) wagging and/or twisting vibrations. The fine structure is absent from 
spectra recorded for solutions or melts (samples heated above their melting point 
when the spectrum is recorded) of fatty acids. The number and separation of 
the fine structure bands are the function of the length of the hydrocarbon chain 
(14, 15). To date it has not been possible to get a collection of the various types 
of long-chain fatty acids likely to be found in the lipids of this organism. It has 
not been possible to make a comparison of the spectra of the eluates containing 


this characteristic fine structure with spectra of pure compounds of known com 


position. The fine structure separation of the fatty acids and esters in these lipid 
extracts has varied from 0.085 to 0.135 mu, but sufficient data are not yet avail- 
able to justify attempts at interpretation of these separations For comparison 


of strains, therefore, only the presence or absence of this fine structure is used, 
with no attempt at identifying the fatty acids concerned, Examples of spectra 
containing such fine structure are recorded in all figures of Plates TV and V and 
in figures 1-3 of Plate VI 

The isolation of mycolic acid and the dimycoceronate of phthiocerol in a form 
spectroscopically identical to the same compounds isolated by Lederer suggests 


that other compounds ina more or less pure state may also be found among the 
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Pirate IV, Spectra of column-eluted fatty acids 
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Pirate V. Spectral comparison of compound A from four strains 
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STRAIN 25) 


STRAIN 2048, 


Puate VI. Spectra of compounds B, C, D, and EB 


samples eluted from the columns. Other substances are thought to be relatively 
pure compounds or, possibly, mixtures of constant composition when a given 
spectrum is accurately repeated in eluates from several strains under different 
conditions of experimentation. The spectra of one such unknown component 
are shown in Plate V. This component has been repeatedly isolated from every 
strain thus far examined and its spectrum is so characteristic and reproducible 
that it is believed that this component, called compound A, is either a relatively 
pure compound or a mixture of constant composition. It may be suggested, from 
its infrared spectrum, that compound A is a branched-chain, unsaturated fatty 
acid ester having the trans configuration at the double bond. 

Plate VI contains single examples of the spectra of eluates believed to be rela- 
tively pure compounds or mixtures of constant composition. In either case, the 


spectra may be used in characterizing the strains in which they occur. The belief 


that these eluates are relatively pure compounds or fixed mixtures rests mainly 
upon their regular occurrence in repeated tests which were made with each strain 
This evidence is strengthened, first, by the fact that the column charges in these 
tests on individual strains have varied in the manner indicated earlier in dis- 
cussing the known compounds; and, second, by the fact that in several instances 
the compounds appeared when the columns were packed with different ad 
sorbents such as alumina, silica gel, or silicic acid. 

Using the infrared spectra of the known and provisionally recognized com 
pounds as a means of identification, a very fair characterization of the fourteen 
strains which have been studied at all intensively can be achieved. It should be 
remarked that both of the techniques used, chromatography and infrared spec- 
troscopy, are capable of development for quantitative work. By the quantitative 
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methods, the strains could be characterized by the amounts of any compound 


found as well as by its presence or absence. 


DISCUSSION 


From the results presented in this paper, it appears that it is possible to charac- 
terize the various strains of M. tuberculosis by the chemical content of their lipid 
extracts. Whether the chemically distinct strains also differ biologically remains 
to be determined. Nevertheless, a method capable of detecting chemical vari- 
ations between strains which are presumably as similar as these should prove 
valuable in an examination of “atypical acid-fast bacilli’ and their relationship 
to tuberculosis in man 

With this background of information on the chemical content of the lipids of 
fourteen human strains of tubercle bacilli and the data that are being aecumu- 
lated on avian bacilli, strains of bovine origin, and some of the saprophytes (MV. 
phlei, M. smegmatis, and M. butyricum), it should be possible by means of an 
analysis of this type to make contributions to an understanding of the problem. 

For example, it may be possible to decide whether these atypical strains are 
more closely related to true human bacilli, perhaps being in some cases a drug- 
induced variant that is avirulent for guinea pigs. Conversely, it may be that this 
type of atypical organism more closely resembles the saprophytes or perhaps is 
chemically dissimilar to either the saprophytic or the pathogenic mycobacteria. 
Then, assuming the origin of the strain to be known, it would be valuable to have 
a rapid simple method of determining whether a given strain is “atypical,” 


human-virulent, or saprophytic 
SUMMARY 


Through the use of chromatography and infrared spectroscopy, the lipids of 
fourteen strains of tubercle bacilli of human origin have been examined. By 
noting the presence or absence of a series of nine recognized compounds in each 
of the strains, it is possible to subdivide these strains on the basis of their chemical 
differences 

Presumably more extended experience will result in the isolation of more pure 
compounds together with better purification of those already isolated. These 
findings should permit both qualitative and quantitative distinctions to be made 
with greater accuracy. 


SUMARIO 


Correlacién de las dades Biologie as de laa Ce pas de Micobacteriaa con Sus Es pe clros 
Infrar rojos IV. Fraccionacion y Comparacion de los Lipidos de Cepas Humanas del 
VU ycobacterium Tuberculosis por Wedio de Sus Expectros Infrarrojos 


Por medio de la cromatografia y la espectroscopia infrarroja, se examinaron los lipidos 
de 14 cepas del bacilo tuberculoso humano. Notando la presencia o falta de una serie de 
nueve compuestos reconocidos en cada una de las cepas, es posible subdividir éstas a base 
de sus diferencias quimicas 

Presuntamente una observacién mas extensa dard por resultado el aislamiento de mis 


compuestos puros junto con la mejor purifieacién de los ya aislados. Estos hallazgos deben 
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permitir el establecimiento de distinciones tanto cualitativas como cuantitativas con 


mayor exactitud. 


RESUME 


Corrélation entre les proprictes biologiques des souches de VM ycobar lérves ef leurs spectres 
infra rouges: 7\ Fractionnement et com paratson des lipide a de souchea humaines de 


V ycobacterium tuberculosis au moyen de leurs spectres infra rouges 


La chromatographie et la spectroscopie infra-rouge ont été utilisées pour examen 
des lipides de souches de bacilles tuberculeux humains. Dans chaque souche la présence ou 
absence d'une série de neuf composés reconnus a été notée; ceci a permis de subdiviser 
ces souches sur la base de différences chimiques 

Il est probable qu’ une étude plus étendue permettra d’isoler un plus grand nombre de 
composés A l'état pur et améliorer la purification des déjA isolés composés, Ces résultats 


devraient permettre d'tablir une distinction qualitative et quantitative plus précise 
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INTRODUCTION 


The initial observations on the effectiveness of the new antimicrobial, cyclo 
serine, were reported in February, 1955 (1), and a number of reports have subse 
quently appeared in the literature (2-9). The present report is concerned with 
studies of the in vitro bacteriostatic and bactericidal power of the drug against 
several mycobacterial strains, the emergence of cycloserine-resistant strains of 
tubercle bacilli, and the effect of the drug on experimental tuberculosis in guinea 
pigs and mice 


MATERIALS AND METHODS 


Tuberculostatic and tuberculocidal activity in liquid media The tuberculostatic and 
tuberculocidal properties of cycloserine® were investigated in liquid media, using as test 
organisms M. tuberculosis var. hominis H37Kv, its streptomycin. and isoniazid-resistant 
descendants, the bovine and avian strains 4228-4, and Sheard (fully virulent), and the sapro 
phytic strain M. 607. The drug was dissolved in water in concentration of 10 mg. per ml 
sterilized by filtration through sintered glass, and vided to the test media to make twofold 
dilutions from 200 to 1.5 » per ml. An inoculum of 0.1 ml. of a ten-day culture growing in 
Tween” -albumin liquid medium was introduced into each tube of 5 ml. of test medium and 
the tubes were incubated at 37° C. for twenty-eight days. A rough estimate of tuberculocidal 
effect was made by subculturing 0.15 ml. onto solid egg medium slants on the fifteenth day 
of incubation and by subcutaneous inoculation of guinea pigs with 1 ml. of material from 
the H37Ry tubes on the twenty eighth day of incubation. The results are presented in 
table | 


OBSERVATIONS 
Studies in Vitro 


It may be seen in table | that eyeloserine concentrations of approximately 6.25 
+ per ml. completely inhibited the growth of the strains of tubercle bacilli of 
human origin for fourteen days, whereas the one bovine strain tested required 
12.5 7 and the avian strain 25 y of drug per ml. for inhibition. The saprophytic 
M. 607 was much more resistant to the drug. The cycloserine concentration 
necessary to inhibit the H37Rv strains resistant to either streptomycin or isoni- 
azid was the same as that for the parent susceptible strain. The presence of 
10 per cent horse serum in Proskauer and Beck medium was accompanied by a 


From the Trudeau Labor story, Trudeau Foundation, 1 urudeau, New York 

? This study was aided by a grant from the Division of Research Grants and Fellowship» 
of the National Institutes of Health, Public Health Service 

?Cyecloserine was generously supplied by Commercial Solvents Corp. (Lot 24) and Eh 
Lilly & Co Lot 43 
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TABLE 1 


BacteriostatTic Activity of CycLosentne iN Liquip Mepta 


Minimal! Inhibitory Concentration m Minima 
“4 entration® 
H37 Ry Tween” albumin 6.25 6.25 6.25-12.5012.5 25.0 200) 
Proskauer and 4.10 6.25 6.25 12.5 
Beck 
Proskauer 25.00 25.00 25.0-50.0 
Beck with 10% 
horse serum 
H37 Ry resistant to Tween" albumin 6.25 6.25 6.24 (12.5-25.0 200 
streptomyein 
H37 Ry resistant to Tween” albumin 6.25 6.25 12.50 12.5-25.0 20 
isoniazid 
ovine 4228-4 Tween* albumin 6.25 12.50 12.00 25.0 > 200) 
Avian Sheard Tween” albumin 12.0) 25.00 25.00 
M. 07 Tween” albumin 100 00+ > 


* As determined by the absence of growth when, on the fifteenth day of incubation, 0.15 
ml. from the original eycloserine tubes was inoculated on slants of solid medium 

t 0) > per ml. from two to five days 

[On ninth day of incubation 


fourfold decrease in the activity of the eycloserine. After twenty-eight days of 
incubation, growth of tubercle bacilli appeared in fourfold higher concentrations 
of eycloserine than had been inhibitory during the first week 

On the fifteenth day of incubation, all cultures which contained less than 
200 y of cycloserine per mi. yielded growth on subculture. With the bovine, 
avian, and M. 607 strains, viable organisms were still present even at this con 
centration, Nevertheless, the number of viable bacilli was sharply decreased 
in the higher drug concentrations. This was evidenced by the fact that material 
from the cultures containing cycloserine concentrations of 12.5 y per ml. gave a 
heavy confluent growth on subculture, whereas tubes with drug concentrations 
between 25 and 200 7 per mi. yielded only a few diserete colonies. The results of 
guinea pig inoculations were in agreement with these data obtained im vitro 
Material from H37Rv tubes containing 12.5 7 or less produced extensive progres- 
sive tuberculosis, whereas animals which received material from tubes containing 
25 to 100 ¥ of eycloserine per ml. showed only a small amount of slowly progres- 
sive disease three months after infection. Unfortunately, animal inoculation was 
not done from the tube which contained 200 y of eycloserine per mil 

Growth inhilition in solid media: Several human, bovine, and avian strains 
were tested in drug-containing slants of inspissated egg medium (American 
Trudeau Society (ATS) medium) and Middlebrook’s 7H-9 modification of 
oleic-acid albumin agar (10). The minimal inhibitory concentration of cyclo 
serine in ATS medium for 7 human strains (including 5 stock strains and 2 
recently isolated from patients) was 20 y per ml., but the bovine Ravenel and 
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TABLE 2 
or Aqueous | Ma. rer Mi. Sovution or av Room 
ss Measurep sy Tusercucostatic Activity AGatNst H37Rv IN 


Tween’ -ALpuMIN Mepium 


Minimal Inhibitory Concentration in Mi. at Days of Incubation 
Age of Solutior 
14 
2 hours 6.25 12.5 
7 davs 6.25 12.5 
14 days 6.25 12.5 
21 days 6.25 2.5 
2s days 6.25 25.0 
37 days 12.0) 
TABLE 3 


ApreaRANce or Cycioserine Resistant on TRansren 


Tween” Acaumin Meprem, H87Rv 


Transfer Number Highest Concentration Allowing Growth in 14 day 
10 
2 
6.25 
710 
25.00 
2 
25.00 


the avian Sheard strains required 40 7 per ml. In every instance, the minimal 
inhibitory concentration ol cycloserine Was twice 4s high in the agar medium as 
in the ATS medium. A few trials in Herrold’s egg volk agar gave the same results 
as those in the ATS medium 

Influence of pH on cycloserine activity: Proskauer and Beek liquid synthetic 
medium was adjusted to pH levels of 5.8, 6.4, 7.0, and 7.8 with either N sulfurie 
acid or ION sodium hydroxide, and eycloserine was added in twofold dilutions 
It was found that at pH 6.4 and 7.0, cycloserme concentrations of 5 y per ml 
were sufficient to inhibit growth of the H37Rv strain for fourteen days, while 
10 > were necessary at pH 7.8 and 20 y at pH 5.8 

Drug stability: An aqueous solution of cycloserine contaiming 1,000 pet mil 
was kept at room temperature for thirty-seven days, and at intervals the anti 
tuberculous activity was determined by making serial twofold dilutions into 
tubes of Tween®-albumin medium and inoculating with the H37Ryv strain. From 
the results in table 2 it may be seen that there was no significant change in anti 


tuberculous activity for twenty-one days, after which a detectable deterioration 


oceurred 
Appearance of drug-resistant strains The H37Ry strain of 


VW. tuberculosis 
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TABLE 4 
or iN GUINEA Pics One Week Arrer 
Inewcrion H37Rv sy Inrracarpiac Route 


Drug Administration Intramuseularly Onee Daily 


lreatment* Survival in Days After Infectior 


0 (Controls 
(Cyeloserine 10-15 mg 
Cycloserine 20-25 meg 
(C‘yeloserine 40-50 me 

* After 28 days of treatment (35 days after infection), dosage was increased to 100 mg. 
daily for all surviving animals 

+ (K) indieates animal sacrificed 


at two-week intervals in ‘Tween*-albumin medium con- 


was transferred serially 
Joserine in an attempt to derive a strain 


taming increased concentrations of 


highly resistant to the drug. The results are shown in table 3. There was no 


decrease in susceptibility during the first five transfers, but twofold in reases in 


resistance were noted after the sixth, seventh. and eleventh transfers. Thi- 1 t- 


similar to that noted with p aminosalievlic acid (PAS), and stands 


tern 18 
| and abrupt changes Seren with isoniazid and strepto 


contrast to the more rapt 


myecm 


Studies in V wo 
Vice: Kighteen C57 black mice were infec ted intravenously with 0.3 mg. (dry weight) 


of H37Rv tubercle bacilli. Six mice rem sined untreated and 12 were treated with cycloserine 


starting five days after infection und continuing for twenty-six days. The drug was admin 


istered subcutaneously 


1 mg. (40 mg. per kg. per day 
All survivors were killed on the thirty second day after infection 


once daily in freshly made aqueous solution. Six mice were given 


and 6 mice were given 5 mg. (200 mg. per kg. per day 


In agreement with the findings of other workers (2, 6, 11), no beneficial effect 
from eyecloserine was observed on either the survival time or the extent of gross 


pulmonary disease in the experimentally infected mice 


Twenty one guinea pigs, weighing approximately 700 gm. each, were in 


Guinea 
of H37Ry tubercle bacilli by the intracardiac route Six 


fected with O.1 mg. (dry weight 
ed untreated and 15 were given a freshly made aqueous solution of cyeloserine intra 


remain 
Three groups of 5 animals each 


muscularly onee daily, starting one week after infection 
received 10, 20, or 40 mg. of cycloserine pet day, respectively. The dosage was inere wed 
% and 50 mg., and after a further ten days to 100 mg. of eyelo 


after eighteen davs to 15, 25 
serine for all surviving animals bv this time the animals had lost weight to below 500 gm., 
sacri 


and the latter dose represented at least 200 mg. per kg. per day. The survivors were 
ficed on the fifty fifth day of infection 


The results of these experiments in guinea pigs are indicated in table 4, trom 


be seen that there was no significant beneficial effect from the 
in any dosage. All animals which suecumbed showed 
treated 


which it may 
cycloserine treatment 
progressive tuberculosis, although many which died early in each of the 


542 
| i 
« 


\NTITUBERCULOUS ACTIVITY OF CYCLOSERINE IN VITRO AND EN VIVO DAS 


groups revealed enlarged pale livers with irregular gray-vellow areas. Histologic 
study of the organs has not as yet been completed. These negative results parallel 
those of Patnode and associates (8) obtained from guinea pigs infected with 
tubercle bacilli by the subcutaneous route. 

Blood cycloserine concentrations: Biologic assays of the cycloserine concentra- 
tions in the blood of treated guinea pigs were made by a cylinder plate method 
using the Staphylococcus aureus, strain 209P. After a single intramuscular dose of 
50 mg. of cycloserine (65 to 70 mg. per kg.), the average plasma concentrations In 
2 normal guinea pigs were 95 7 per ml. at one and one half hours, 50 y at three 
and one-half hours, and 10 y per ml. at seven hours. One normal guinea pig 
given 100 mg. of drug intramuscularly (170 mg. per kg.) showed a plasma con 
centration of 400 y per ml. at one hour, and 100 ¥ at three and one-half hours 
after administration of the drug. 


DISCUSSION 


The reasons for the relatively low effectiveness of eycloserine in the therapy of 
experimental tuberculosis of guinea pigs and mice are as yet unknown. Blood 
concentrations of biologically active material in the guinea pig were many times 
greater than the minimal concentration necessary for inhibition in vitro, and, 
since the drug diffuses readily throughout the body fluids (2, 3), it may be as 
sumed that comparably high concentrations of drug were likewise present in 
the tissues. It will be remembered, however, that in the presence of 10 per cent 
horse serum the bacteriostatic concentration of cycloserine was increased four 
fold to approximately 25 7 per ml., and Cummings (4) reported that 10 and 20 7 
of drug per ml. were the inhibitory concentrations in the presence of 5 per cent 
human and guinea pig serum, respectively 

In contrast to the poor results in mice and guinea pigs, 1 has been found that 
the administration of cycloserine in dosage of at least 200 mg. per kg. per day 
produced definite, but limited, beneficial effect in experimental tuberculosis of 
rabbits (14) and monkeys (15). The factors responsible for this difference in 


response demand investigation, and the situation clearly demonstrates the 


importance of using several animal species for the evaluation of potential anti 
tuberculous agents 

Strains of tubercle bacilli resistant to cycloserie appear much more slowly 
after repeated transfers in liquid medium than is the case with streptomyem 
or isoniazid. This should not be taken as an indication, however, that cycloserine 
resistant strains of tubercle bacilli will not be encountered in patients. It will be 
remembered that PAS-resistant strains of tubercle bacilli are difficult to derive 
in this manner and yet are frequently isolated from patients treated with PAS 
alone 

The stability of cycloserine has been studied more intensis ely in other labora 
tories. Cummings and associates (4), using 4 chemical assay procedure reported 
a 34 to 55 per cent loss of the antituberculous activity of cycloserine in fifteen 
days in Proskauer and Beek medium at 37°C. The percentage loss was inversely 


proportional to the original drug concentrations in the range of 10 to Woy per 
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ml. Because of similarity in minimal inhibitory concentration in liquid medium 
and in modified Lowenstein solid egg medium, Cummings and associates con- 
cluded also that the drug is stable to the inspissation procedure, a finding with 
which the presently reported data are in agreement. The loss of “appreciable 
antituberculous activity” of cycloserine in oleic-acid-albumin agar after five 
days at room or refrigerator temperature has been noted by the Fitzsimons 
group (12). This may explain the finding of a higher minimal inhibitory concen- 
tration in agar medium than in the ATS medium as reported herein. 

At the Livermore Veterans Administration Hospital it was found that a 20 
per ml. aqueous solution of eycloserine (pH 7.03) was stable at 0 to 4°C., de- 
composed 8 per cent during an inspissation procedure, and showed progressive 
decomposition during incubation at 37°C. after inspissation (13). The Merck 
group reported the finding of instability of acidic and neutral solutions of eyclo- 
serine as contrasted with relative stability of basic solutions (6). It is probable 
that the fourfold “drift” of the minimal inhibitory concentration in liquid medium 
on prolonged incubation noted in the present report was due, at least in part, to 


deterioration of the drug. 


SUMMARY 


Cycloserine was found to inhibit the growth of human virulent tubercle bacilli 
in vitro in concentrations of 6.25 y per mil. in liquid medium and 20 y in solid 
(American Trudeau Society) medium. Strains of MW. tuberculosis resistant to 
streptomycin or isoniazid showed no difference in susceptibility to cycloserine. 
There was a fourfold decrease in drug-susceptibility in the presence of horse 
serum. One bovine and one avian strain were slightly less susceptible to cyclo- 
serine than was the human strain which was studied. In the manner tested, a 
drug concentration of at least 200 y per ml. was necessary to “sterilize,” although 
a sharp decrease in the number of viable tubercle bacilli was noted at the pres 
ence of eycloserine concentrations of 25 y per ml. The drug showed its greatest 
activity at pH 6.4 to 7. Mycobacterial resistance increased slowly in a strain 
transferred serially in liquid drug-containing medium. No beneficial effect from 
eycloserine was noted in experimental tuberculosis of mice infected intravenously 
and treated with 40 or 200 mg. per kg. per day, or in guinea pigs infected by the 
intracardiac route and given up to 200 mg. per kg. per day parenterally. Com- 
parable doses of cycloserine given to normal guinea pigs produced maximal 
drug concentrations in the plasma of 95 to 400 7 per mi. 


SUMARIO 
Cicloserina: Actinidad Antituberculosa in Vitro y en el Animal de Experimentacion 


La cicloserina se mostré eapaz deinhibir la proliferacién de bacilos tuberculosos humanos 
virulentos in vitro a una concentracién de 6.25) por ml. en medio liquido y de 205 en el 
medio sélido de la Sociedad Americana Trudeau (ATS). Cepas resistentes a la estreptomi- 
cina 0 la isoniacida no revelaron diferencia en su susceptibilidad a la cicloserina. Cuando 
habia suero de equino presente, se cuadriplieé la disminucién de la sensibilidad. Una cepa 
bovina y una aviaria fueron un poeo menos susceptibles que la humana a la droga. En la 
forma en que se hizo el ensayo, se necesité una concentracién a lo menos de 2005 por ml 
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para “esterilizar,’’ aunque con 25y por ml. ya se noté una disminucidn notable en la cantidad 
de bacilos viables. La droga revelé su actividad maxima a un pH de 6.4 a 7. La resistencia 
micobacteriana aumenté lentamente en una cepa pasada en serie por un medio liquide que 
contenia la droga. No se noté ningdn efecto beneficioso de la cicloserina en la tuberculosis 
experimental de los ratones infectados intravenosamente y tratados con 40 6 200 mgs. por 
kg. al dia o en los cobayos infeetados por via intracardiaca que recibieron hasta 200 mgs 
por kg. al dia parentéricamente. Dosis comparables de cicloserina administradas a cobayos 


normales produjeron concentraciones m&ximas de 95 a 400) por ml. en el plasma 


RESUME 
Cyclosérine: Activité antituberculeuse in vitro et dans Uexpérimentation chez Uanimal 


La evelosérine a démontré in vitro son activité inhibitrice sur la croissance du bacille 


tuberculeux virulent humain lorsque les concentrations atteignaient 6,25) parml. en milieu 
liquide et 20) par ml. en milieu solide, milieu American Trudeau Society ATS). Les souches 


«treptomyeino-ou isoniazide-résistantes n'ont présenté aucune différence de sensibilité 
A la eyclosérine. En présence de sérum de cheval la sensibilité est quatre fois plus réduite 
Une souche bovine et une souche aviaire se sont montrées légerement moins sensibles a 
l’antibiotique que la souche humaine. Dans les conditions de l'expérience, la “‘stérilisation’ 
n’a été obtenue qu’avec une concentration d’au moins 200) par ml., mais une diminution 
brusque du nombre de la population viable était observée & 25) par ml L'activité de la 
drogue atteignait son activité maxima de pH 6,4 A pH 7. La résistance mycobacténenne 
d’une souche augmentait lentement dans une souche par les transferts en série dans un 
milieu liquide renfermant la cyclosérine. La cyclosérine n’a pas été efficace dans la tubereu 
lose expérimentale de la souris inoculée par voie intraveineuse et traitée avec une dose de 
10 ou 200 mg./kg. par jour, ni chez le cobaye inoculé par voie intracardiaque et recevant 
200 mg./kg. par jour par voie parentérale. Des doses comparables de eyclosérine adminis 
tréex au cobaye sain produisaient des concentrations plasmatiques maxima de 05 a 400 5 
par mil 
Adde ndum 


Additional data on the stability of eycloserine in solid egg media have indicated that de 
tectable loss of antituberculous activity had occurred after two weeks at room temperature, 
but not until after the fourth week when the drug-containing medium was kept at 4°C 

In the attempted derivation of a drug-resistant strain the emergence of bacilli « apable 
of growing in 60 y of cycloserine per ml. of medium was observed during the fourteenth to 
twentieth transfers 
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Interference with Antibodies by These Antigens 
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INTRODUCTION 
Antibodies to crude antigens of the tubercle bacillus, as well as some of its 
partially or highly purified components, have been studied repeatedly. The 
former have been used by many investigators in the complement-fixation test 
on human tuberculous serum, and there has been a certain degree of correlation 
between positive reactions and known tuberculous disease (1). In recent years 
numerous studies have been made on the correlation between infection and the 
hemagglutination reaction, as described by Middlebrook and Dubos (2). The 


specific antigen in this case has been thought by them to be a polysaccharide 


which was present in the crude Old Tuberculin antigen. Other data, how 
ever, indicate that protein also is involved. 

When purified soluble antigens are available, the simple direct precipitin 
reactions can be used to detect antibodies and to determine whether they are 
antibodies to protein or to polysaccharide. Seibert was able to demonstrate 
consistently the presence of large quantities of protein antibodies in the serum 
of sensitized guinea pigs and rabbits, but found such antibodies only irregularly 
in human tuberculous serum (3). By means of the precipitin test the proteins 
made from tuberculins of human, bovine, and timothy bacilli could be differ 
entiated (3), but the proteins from five different human strains of tubercle bacilli 
could not be distinguished from each other (4). Henderson (5) extended this 
method of differentiation to a whole series of acid-fast bacilli isolated from leprosy 
lesions. Menzel and Heidelberger (6), McCarter, Kanne, and Hastings (7), and 
Schaefer (8) also were able to distinguish between different acid-fast bacilli 
in this way. Later (9), with more highly purified protein antigens, it was pos 
sible to make some serologic distinction even between the different proteins 
isolated from a single strain of the human tubercle bacillus. 

Antibodies to polysaccharide also have been recognized by many workers 
(10-14) in serum from animals sensitized by dead or living tubercle bacilli 
With one very highly purified tuberculin polysaccharide, it was possible to 
stimulate antibodies (13) while, in most of the other studies, the polysaccharide 
antigen served merely as a haptene in the precipitin reaction. Some investigators 

' From Henry Phipps Institute, Philadelphia, Pennsylvania 
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using purified polysaccharide preparations have also found positive precipitin 
reactions with human serum. Kropp and Foley (15), Choucroun (16), and Sei- 
bert, Stacey, and Kent (13) have reported that antibodies to polysaccharide 
are present in some, but not in all, tuberculous serums tested. Choucroun tested 
the serum of 298 tuberculous patients and 99 normal or nontuberculous persons. 
Forty-one per cent of the tuberculous patients showed positive reactions, and 
she thought that the antibodies to polysaccharide were more widely prevalent 
in the patients who were successfully fighting the disease. Iland (17), on the 
other hand, could not find any antibodies to polysaccharide in serum from tuber- 
culous human beings, but his test readings were made only at a twenty-four- 


hour period. 
When highly purified protein and polysaccharide antigens became available, 
it seemed advisable to make a study of the simultaneous presence of antibodies 


to these antigens in the serum of animals and to study them both by the precipi- 


tin and the complement-fixation reactions. Moreover, an effort was made to 


determine the relationship between the presence of antibodies and the resistance 
of the host. 


MATERIALS AND METHODS 


Animals 


All of the rabbits used in this study were white males which were purchased on the 
market except four of known resistance kindly given to us by Dr. Lurie. Rabbits T6=51 
and Té=<52 were from a« strain known to be resistant to tuberculosis and AD5<—33 and 


Al) =—4 were from a less resistant strain (18). 


Antiserums 


Protein antiserum was obtained by taking blood from the ear veins of 7 rabbits which 
had been sensitized at five day intervals by repeated intracutaneous injections of tuberculin 
protein fractions known to contain all or most of the A type of protein (see below). Ten 
milligram doses were administered to each rabbit for eleven or twelve injections, at which 


time definite Arthus reactions appeared at the site of injection 
Antiserum was obtained also from 15 rabbits injected similarly ten to fifteen times, but 
with a suspension of live BCG organisms instead of purified protein. Each dose consisted 


of 0.25 mg. of the moist weight of the BOG organisms. 
Other antiserums to PPD-S, the C type of tubereuloprotein, and bacillary protein 


(which had been frozen and saved from previous experiments) also were selected for study 
(19). 


Antigens 


Tuberculoprotein antigens: Details of the methods of isolation of tuberculoprotein an 
tigens are given in earlier papers (20, 21). The A, B, C, and bacillary type of proteins con 
tained 0.13, 18.8, 1.1, and 1.2 per cent of carbohydrate, respectively, determined by the 
anthrone method (22). PP1)S (23) also was used as an antigen for sensitization as well as 


in the preeipitin and complement-fixation tests. This had 5.9 per cent carbohydrate. 
Tuberculopolysaccharide antigens: Four highly purified tuberculin polysaccharides were 
used: two of them (Nos. | and 106), of low (7,000 to 9,000) molecular weight; and two (Nos 
85 and 92), very large molecules (100,000 molecular weight). Polysaccharide I was isolated 
from heated tuberculin filtrate of a human strain of tubercle bacilli (DT) by a chemical 


procedure described previously, in which basic lead acetate was used (24). It consisted of 
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arabinose and mannose and had only 0.27 per cent nitrogen or 1.68 per cent protein on the 


solid-weight basis. Polysaccharide No. 106 was prepared from the ultrafiltrate of a heated 
filtrate of a culture of human tubercle bacilli (D7). It was found by Professor M. Stacey 
to consist mainly of polyarabinose. Polysaccharides Nos. 85 and92 were described previously 


as polyglucosans (13, 20), and were isolated from unheated tuberculins made from a bovine 
strain (No, 523) anda human strain (H37), respectively. The former contained 0.59 and the 


latter 0.31 per cent nitrogen 

All of these antigens dissolved readily in 0.9 per cent saline containing 0.01 per cent 
merthiolate, and were made to the following concentrations: 50, 10, 5, and | y» per 0.1 ml 
These dilutions were found to span the titration range satisfactorily, sparing the serum for 


use with many antigens 
Tissue antigens; Attempts were made to recover tuberculoprotein and tuberculopoly 
saccharide directly from the tissues of tuberculous rabbits. The lung of a rabbit which 


showed extensive tuberculosis at autopsy was extracted with buffer, and then by autoclay 


ing with water. The nitrogen content of the extracts was determined 


Immunologic Methods 


Precipitin tests; Precipitin tests were carried out as follows: 0.1 ml. of serum was pipetted 
into each of five tubes (6 & 50 mm.), and then 0.1 ml. of each of the four concentrations 
of antigen was added, respectively, to four tubes. To the fifth tube 0.1 ml. of the buffer 
solution was added, as a control on the serum. To the sixth tube 0.1 ml. of the strongest 
concentration of antigen (50 ») was added and then 0.1 ml. of the buffer, as a control on the 
antigen. All tubes were shaken, placed in the incubator for two hours, and kept at 4° C 
overnight. The amount of precipitate was observed at the end of twenty-four hours and 


again in approximately four days. Frequently a much heavier precipitate occurred at the 


later reading. The amounts of precipitate found are shown in the tables as negative), 
-(trace), +, ++, $4+4+44, and 

Complement-fization tests; Complement-fixation tests were carried out by the block 
titration method of T. N. Harris* on serum which had been inactivated at 56° C. for twenty 
minutes. In this method a series of dilutions of serum from 1:4 to 1:1,024 or more was ti 
trated with a series of dilutions of antigen from 1:800 to 1: 102,400, and ali dilutions of serum 
and of antigen also were used as controls with buffered saline in order to detect any anti 


complementary activity of either serum or antigen. Each tube contained 0.2 ml. of the 
respective serum dilution, 0.05 ml. of the respective antigen dilution, and 0.05 ml. of com 


plement (diluted as indicated by previous titration). The tubes were incubated for thirty 
minutes in a water bath at 37° C., and 0.1 ml. of a mixture of equal parts of 4 per cent 
sheep cells and hemolysin (diluted as indicated by previous titration) was added to each 
tube. After thirty minutes in the water bath at 37° C., the tubes were placed in the cold 


room overnight before readings of the degree of hemolysis were made 


In this study some experiments were performed in which a second antigen was mixed 
with the PPD-S before the complement was added in order to determine the ability of thi« 


antigen to inhibit the complement-fixation reaction 


Chemical Analyses 


Vitrogen analyses: All fractions were analyzed by the micro-Kjeldahl reaction and the 


concentrations of protein were caleulated from these results 
Polysaccharide analyses: Analyses for polysaccharide in the antigens and tissue extract» 


were made by means of the tryptophane perchloric acid method (25) previously described 


using levulose as a standard, and by the anthrone method described by Koehler (22), using 


a ten-minute heating period 


' Dr. TN. Harris and his associates kindly advised us on the teehnique for performing 


the complement fixation test 
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RESULTS 
Precipitin Antibodies 


Rabbits sensitized with tuberculoprotein: In table 1, data are shown on 7 rabbits, 
each of which has been sensitized by eleven intracutaneous injections of tuber- 
culoprotein A (total of 110 mg.). All 7 rabbits had exhibited marked Arthus reac- 
tions, and their serums contained high concentrations of antibodies to tuberculo- 
protein A. The PPD-S, the B protein and, to a slightly less extent, the C protein 
were also good antigens in the precipitin reaction. The titers with these are not 
recorded in the table in order to save space. However, very little antibody to any 
of the three tuberculopolysaccharides, described under antigens, could be demon- 
strated in any of the serums obtained from these rabbits in several bleedings. No 
antibodies were found before the rabbits were sensitized. 

Rabbits sensitized with BCG: In 15 rabbits sensitized by ten to fifteen weekly 
intracutaneous injections of a suspension of live BCG, a high content of anti- 
bodies to the three polysaccharides, as well as to all five types of protein antigens, 
was found. The three polysaccharide antigens appeared to be equal in their 
ability to precipitate the antiserums, but only one example is shown in table 1. 

Two rabbits (Nos. 48 and 49), sensitized in the same way but with a suspen- 
sion of heat-killed BCG, showed at least as high a concentration of all the anti- 
bodies as rabbits sensitized with live BCG organisms. 

Distinction between precipitin antibodies to tuberculoprotein and tuberculopoly- 
saccharide antigens: The character and range of the antigen-antibody precipitate 
with the protein antigens was very different from that with the polysaccharides. 
In the case of all of the protein antigens, the precipitates given with BCG anti- 
serum usually were very heavy with 50 y of protein per 0.1 mi. of serum and 
became progressively less until no precipitate occurred with 1 + or less, depend- 
ing upon the serum. When the tubes were tapped, a fine cloudlike suspension 
resulted. 

On the other hand, with all three of the polysaccharide antigens there was 
frequently no precipitate with 50 -y, but with decreasing amounts of polysaccha- 
ride more and more precipitate occurred until maximum precipitation resulted 
with | > or less of polysaccharide, and the end titer was as low as 0.001 y of 
polysaccharide. Thus, the optimum precipitation point with polysaccharide 
always occurred at a much lower concentration than it did with the protein. 
Moreover, the protein antigen-antibody complex did not redissolve in antigen 
excess as did the polysaccharide antigen-antibody complex. The most distinctive 
characteristic of the polysaccharide antigen-antibody complex, however, was 
that it settled to a gelatinous pellet which dispersed to a granular suspension on 
tapping. 

Complement-Fixing Antibodies 

Relatively high complement-fixation titers were found in rabbits sensitized 
with BCG as is shown in tables 1, 2, and 3. PPD-S, C, and bacillary protein 
proved to be the best antigens for fixing complement with these antiserums 
(table 2). Similar results were found with an earlier series of rabbits by Dr. T. N. 
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TABLE 2 
Complement Fixation py ANTIGENS Or THE TUBERCLE BaciLLUs IN 
BCG, ANTISERUMS 


Relative Comple 
Antigens ment Fixation Complement-Fixation Titers in 
Titers in the Same Various BCG Antiserums 


BCG Antiserum 


Tuberculoprotein A 12 0, 0, >32 

Tuberculoprotein B 6 0 

Tuberculoprotein C* 128, 192, 512 128, >128, >128 

Bacillary tuberculoprotein 192 256, 256 

PPD-S 512 256, 384, 256, 256, 192, 256, 
768, 432, 512, 256, 384, 
512 

Tuberculopol ysaccharide No. 1 and No. 106 0,0 0,0 

Tuberculopolysaccharide No. 85 0,0 


* Three different preparations of C tuberculoprotein 


Harris (9). Tuberculoproteins A and B gave little or no fixation and the three 
tuberculopolysaccharides none at all, despite the fact that these antigens gave 
good precipitin reactions. 

An explanation of the difference in the antigenic capacity of these antigens 
may come from earlier studies (26) which showed that the bacillary protein 
resembled the C more closely than it did the A type of protein in its amino- 
acid composition, electrophoretic mobility, and ultraviolet absorption. The 
PPD-S also contained a component similar to the C type of protein. 

The complete lack of fixation by the tuberculopolysaccharide in BCG anti- 
serum was interesting in view of the fact that such high precipitin titers had been 
obtained with this antigen. Since the optimum precipitation point was at such a 
low concentration of polysaccharide (1 to 0.001 y per 0.1 ml. as mentioned 
above), block complement-fixation titrations were carried out with polysaccharide 
dilutions ranging from 1:800 to 1:800,000,000. At no dilution was there any 
evidence of fixation by the polysaccharide. Therefore, the polysaccharide could 
not be considered to be anticomplementary at any dilution. Similarly there was 
no evidence of anticomplementary action by the A or B types of tuberculopro- 
teins. 

In table 4 it may be noted that sensitization with the tuberculoproteins A, C, 
PPD-S, or bacillary protein, even to the extent where good Arthus reactions 
were obtained, did not elicit high complement-fixing antibodies in the serum 
of these sensitized animals in contrast to the serum of those sensitized with 
BCG. 
Interference with an Antigen-Antibody Reaction 

In addition to the fact that the tuberculopolysaccharide gave no complement 
fixation in BCG antiserum by itself, its presence interfered with the complement- 
fixing capacity of PPD-S when it was added to this system. Moreover, equal 
interference took place whether the PPD-S and polysaccharide were mixed 
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TABLE 3 
CompLeMeNT Fixation spy Certain ANTIGENS AND INuIBITION IN BCG ANTISERUMS 
Complement Ratio of Protein 


Antigens Fixation to Inhibiting 
Titers Antigen 


PPD 256 


PPD-8 + tuberculopolysaccharide No 


PPD 
PPD-S + tuberculopolysaccharide No 
PPD-S + tuberculopolysaccharide No 


PPD 


PPD-S + tuberculopolysaccharide No 


PPD 

PPD-S + tubereulopolysaccharide No. 

PPD-S + tuberculopolysaccharide No. 106 

PPD-S + tuberculopolysaccharide (bovine) No. 85 
PPD-S + tuberculonucleic acid 


PPD+ 

PPD-S + glycogen 

PPD-S + Winzler mucoprotein 

PPD-S + tubereuloprotein A 

PPD-S + tuberculoprotein B 

PPD-S + tuberculoglycoprotein 

PPD ? tuberculopol ysaccharide No l 


PPD-S + tuberculopolysaccharide (human) No. 92 


C + tuberculopolysaecharide No. | 


Bacillary protein 
Bacillary protein + tubereulopolysaccharide No. | 


PPD-S isoniazid 

PPD-S tuberculopolysaccharide No. 


PPD + tubereulopolysaccharide and isoniazid No. 


tuberculopolysaccharide No. 1 


Tuberculopolysaccharide No. | 


together with complement before addition to the serum or when the polysac 
charide was added to the serum before mixing with the PPD-S complement 
mixture. The extent of this inhibition by tuberculopolysaccharide of the com 
plement fixation by PPD-S in BCG antiserum was considerable, as can be seen 
in table 3. 

The complement fixation in BCG antiserum by the C type of protein and by 


the bacillary protein was also inhibited by the presence of tuberculopolysac 
charide. In table 3 it is shown that the large molecular tuberculopolysaccharides 
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TABLE 4 
COMPLEMENT FIXATION BY CreRTAIN ANTIGENS AND INHIBITION IN OTHER THAN 
BCG ANTISERUMS 


sensitizing T tio of Prote 
) 
Antigen sed for Complement Fixation Titers 


A protein A protein 82 
\ protein + polysaccharide No. 1 24 1:7 

C protein C protein 6 
C protein + polysaccharide No. 1 06 1:7 

PPD3 4s 
PPD-S8 + polysaccharide No. 1 v4 1:7 

Bacillary Bacillary protein 6 
protein Bacillary protein + polysaccharide No. | 6 1:1 


also caused some inhibition: slight with preparation No. 85 (from a bovine strain 
of tubercle bacilli) and more with preparation No. 92 from a human strain. 
The specificity of the inhibition is emphasized in table 3 by the fact that other 
polysaccharide-containing substances, such as tuberculonucleic acid, glycogen, 
and the mucoprotein isolated by Winzlert (27), did not inhibit the complement- 
fixation reaction between PPD-S and BCG antiserums; neither did isoniazid. 
However, a small amount of inhibition to the complement fixation by PPD-S 
in BCG antiserum was caused by tuberculoprotein A (table 3) and, since this 
protein contained only a trace of polysaccharide (0.13 per cent), the tuberculo- 
protein may be considered responsible. The tuberculoprotein B and the tuberculo- 
glycoprotein had stronger inhibiting powers but, since both contained consider- 
able polysaccharide in their molecules, it would be impossible to consider these 


inhibitions to be due to protein. 

In contrast to BCG antiserum, the experiments showed that relatively weak 
complement-fixing antibodies were found in serum of animals sensitized with 
A, C, or bacillary proteins. Furthermore, these low titers were effected very 
little, or not at all, by the addition of tuberculopolysaccharide to the system 
(table 4), indicating that the inhibition phenomenon was effective mainly on an 
antigen-antibody relationship that existed primarily in BCG antiserum. 

Inhibition by tuberculopolysaccharide in the precipitin reaction, as well as 
in the complement-fixation test, was found in BCG antiserum. Much less pre- 
cipitate, as well as a lower end titer, resulted when tuberculopolysaccharide 
was added to the system in such a way as not to change the original concentra- 
tion relationship between serum and antigen. No similar effect was noticed when 
antiprotein instead of anti-BCG serum was used. Further evidence for 
the specificity of the reaction was furnished by the fact that addition of tuber- 
culonucleic acid instead of tuberculopolysaccharide caused no inhibition. 

Since, in the in vitro system, the tuberculopolysaccharide was capable of 
interfering so definitely with the complement-fixation reaction of serum of rab- 
bits immunized with BCG, the in vivo role of this polysaccharide was studied. 


* The mucoprotein was kindly furnished by Dr. R. Winzler 
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INTERFERENCE WITH ANTIBODIES BY ANTIGENS 


Injections of tuberculopolysaccharide into rabbits Nos. 46 and 47, following 
infection, caused the disappearance of antibodies to the polysaccharide and a 
great depression of the complement-fixation titers (table 5), but considerable 
antibodies to the protein remained. 

Infection alone was not the cause of disappearance of the antibodies to poly- 
saccharide and the lowering of the complement-fixation titer. For example, in 
rabbits Nos. 53 and 57, with no treatment prior to infection, the complement- 
fixing titer rose slightly and precipitating antibodies to protein began to appear, 
as if the rabbits were endeavoring to resist the invasion of the bacilli 

Injections of tuberculoprotein intracutaneously at ten-day intervals (0.5 mg 
per dose) also caused complete disappearance of the polysaccharide antibodies 
and a marked decrease in the complement-fixation titer, while at the same time 
the antibodies to protein became heavier. This occurred in rabbit No. 41 which 
had high antibody titers to tuberculoprotein and tuberculopolysaccharide anti 
gens at the time of infection (table 5). 


Relationshtp of the Presence of Antibodies to Resistance o the Animals 


In rabbits sensitized with tuberculoproteins A, C, PPD-S, or bacillary protein, 
high precipitating antibodies to tuberculoprotein were obtained as shown in 
table 1 and also in earlier studies (9, 28). However, only low complement-fixing 
antibodies were found and practically no antibodies to tuberculopolysaccharide 
(table 1). In comprehensive previous studies (19, 28, 29), such animals have 
never shown any increased resistance to subsequent infection with virulent 
tubercle bacilli. In fact their resistance appeared to be lowered. 

Nevertheless, the antiserum of rabbits which had been sensitized with PPD-S 
contained some antibacterial substance in the gamma globulin fraction which 
was able to inhibit the growth of tubercle bacilli in the test tube (30, 31) and 
to retard the development of tubercles on the chick membrane (41). One such 
PPD-S antiserum, as well as the gamma globulin fraction isolated from it, 
which had precipitating antibodies to the PPD-S showed a low complement 
fixation titer (table 1). Complement-fixing antibodies have been found in general 
in gamma globulin (32, 33). The gamma globulin, isolated from the serum of a 
tuberculous rabbit which had had no treatment prior to infection, was found 
to contain antibodies to polysaccharide (table 1), which confirms reports by 
Cole and Favour (34). However, in spite of the fact that certain antibodies were 
present in the serum, none of these rabbits was immune when challenged (19). 

In previous studies the large molecular polysaccharide was capable of acting 
as a true antigen by stimulating the production of antibodies to itself (15, 19), 
but animals in which these antibodies could be demonstrated were also not 
immune to infection with the tuberele bacillus (19). 

Another experiment (28), in which the bacillary protein was repeatedly in 


jected into guinea pigs, demonstrated that it also was not able to confer im 
munity on the animals, despite the fact that their cells in tissue cultures proved 


to possess a hypersensitivity similar to tuberculous cells. 
On the other hand, it is well known that rabbits sensitized by repeated injec 
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ANTIBODIES BY ANTIGENS 


INTERFERENCE WITH 


tions of live BCG show a certain degree of immunity, and this was true in the 
experience of the present writers (19). In table 1, the preeipitin and complement- 
fixing titers are given of many such rabbits after they had received ten to fifteen 
intracutaneous injections of a suspension of live or dead BCG. All of these rab- 
bits showed high precipitating antibodies to tuberculoprotein and, in general, 
to tuberculopolysaccharide. Their complement-fixation titers also were very 
high. It was of interest that the 2 rabbits of known greater susceptibility 
(AD5=33 and AD5=34) made only scant antibodies to tuberculopolysac- 
charide on frequent tests during their course of injections. However, they were 
capable of producing as abundant precipitating antibodies to tuberculoprotein 
and as high complement-fixing antibodies to PPD-S as were the known re 
sistant rabbits (T6=51 and T6=52). One market rabbit (No. 43) reacted to 
repeated injections of live BCG in the same manner as these 2 susceptible 


rabbits. 


The Presence of Antigen in Tuberculous Tissues 


If the presence of tuberculopolysaccharide is capable of exerting such a pro 
found influence on the antibodies to itself, as well as on the complement -fixing 
antibodies, as has been demonstrated both in vitro and in vivo, its presence in 
the tissues could be of paramount importance. Although its presence in tuber 
culous lesions might be expected because of the large quantities of tubercle 
bacilli therein, it has never been demonstrated. Therefore, a further attempt was 
made to identify it in such lesions. An extract, made as described above under 


“Tissue antigens,’ was used as an antigen against an antiserum to BCG known to 
contain high concentrations of antibodies to both tuberculoprotein and tuber 
culopolysaccharide. From table 6 it may be seen that on two occasions a specific 
precipitate resulted. Since the precipitate had the granular appearance charac 
teristic of polysaccharide antigen-antibody complexes, and since no precipitate 
resulted when antiserum containing only protein antibodies or normal serum 
was used, the conclusion may be drawn that the antigen present was specific 
tuberculopolysaccharide 

Similar experiments were performed in which extracts of tuberculous tissues 
made in other ways, the dialysates of tuberculous serum and of tuberculous 
urines as well as the residues after these dialyses, were used as antigens. All 


gave precipitates with anti-BCG serum, antiprotein serum, and with normal 


TABLE 6 


ANTIGENS IN Rapsir Tissuns 


TUBERCULO 


IDENTIFICATION OF 


Extract of Tubercu Dialysate of Tuber 
lous Lung erum 


Serum Used for Test 
BCG antiserum 
Protein A antiserum 
Normal serum 
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serum. Therefore, these precipitates could not be considered to contain specific 
antigen, but they require further study. 


DISCUSSION 


From the results of the present study and of previous studies, it is reasonable 
to believe that the simultaneous presence of antibodies to tuberculoprotein and 
to tuberculopolysaccharide, as well as complement-fixing antibodies, are neces- 
sary before a state of immunity to infection with the tubercle bacillus can exist, 
and that this delicate balance of antibodies would be especially important at 
the time of infection. Examples have been given in which antibodies only to the 
protein or antibodies only to the polysaccharide were present, and the experi- 
mental animals not only were not immune but fared even worse than untreated 
controls. 

In animals sensitized with BCG, in which case it is recognized that some 
immunity generally does exist, all three types of antibodies always were present 
except in rabbits known to be susceptible to the disease. In the latter, the anti- 
bodies to polysaccharide were missing or deficient. In rabbits known to be re- 
sistant, immunization with BCG was capable of calling forth large amounts of 
all the antibodies, thus enhancing the native resistance of the animals, whereas 
ihe increment of immunity in susceptible rabbits was very slight. This phe- 
nomenon has been emphasized by Lurie (18). That certain rabbits purchased 
on the market succumb to infection more rapidly than the majority is a com- 
mon experience. In the present study it has been shown that certain rabbits 
(like No. 43) are incapable of eliciting significant antibodies to the tuberculo- 
: olysaccharide when repeatedly injected with live BCG, just as were the rab- 
hits of known genetic susceptibility. An experiment is underway to test further 
this hypothesis on such rabbits, and to determine whether passive transfer of 
the missing antibodies might be of value. 

The present study shows that, in addition to the difficulty that certain 
rebbits have in producing antibodies to tuberculopolysaccharide, the tuberculo- 
polysaccharide itself is capable of interfering with antigen-antibody relation- 
ships. Addition of this antigen caused in vitro inhibition to the complement- 
fixation reaction of BCG antiserum with PPD-S. This was not because it was 
anticomplementary in nature, for it fixed no complement by itself, but it spe- 
cifically interfered with ‘he complement-fixation reaction in antiserum pro 
duced by an antigen (BOG) wacch was capable of inducing immunity. On the 
other hand, it exerted little or no interference with the complement-fixing anti- 
bodies to antigens which were not capable of inducing immunity (table 4, A 
and C proteins, and PPD-S and bacillary proteins). Therefore, it is intriguing to 
wonder whether this polysaccharide may not be capable of interfering with 
immune reactions when sufficient of its own antibodies are not present to keep 
it from doing so. Such would be the case with the less resistant rabbits which are 
deficient in antibodies to the polysaccharide. The exact mechanism of this inter- 
ference requires further study 

If such an hypothesis were true, the presence of free tuberculopolysaccharide 
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in the body would be detrimental. On searching for such free tubereulopoly- 
saccharide, it was demonstrated to be present in tuberculous lung tissue. More- 
over, the injection of excess tuberculopolysaccharide into immunized rabbits 
which possessed large quantities of antibodies caused the rapid disappearance 
of antibodies to itself, as well as a marked drop in the complement-fixing titer. 
Similar but less marked interference also was caused in vitro and in vivo by an 
excess of the tuberculoprotein of the A type. Thus the ability of the free tuber- 
culopolysaccharide and, to a less extent, the tuberculoprotein to interfere 
with certain antigen-antibody relationships when their own antibodies are 
deficient may be one explanation why immunization procedures frequently 
fail to induce or maintain significantly enhanced resistance. Such interference 
also may explain the difficulty in demonstrating antibodies in human tuberculous 
serum, as has been suggested by Gerstl and associates (33). That specific poly 
saccharide, if in excess, can interfere with immune reactions in the body has 
been shown for another disease, pneumonia, by Felton and co-workers (35) 

Since the tuberculopolysaccharide appeared to be such an important intruder 
in the body, efforts were made to determine its connection with the increase in 
the polysaccharide content of serum, which had been demonstrated to occur 
with the development of tuberculosis, especially when the prognosis was bad 
(25, 36, 37). Such polysaccharide was identified in an alpha globulin fraction of 
the serum (25) but, since it also was found in cancer and other diseases ac 
companied by tissue destruction, it was thought not to be specific for tuber 
culosis. The tryptophane-perchloric acid reagent was used to measure it (25) 
In the present study, the evidence indicated that this serum polysaccharide 
did not consist of tuberculopolysaccharide, for the latter gave no color reaction 
with the tryptophane-perchloric acid reagent 


SUMMARY 


Antibodies to tuberculoproteins and tuberculopolysaccharides have been 
ideutified and distinguished by the precipitin reaction, using purified antigens 
from tuberculin. Complement-fixing antibodies were identified only by certain 
antigens, C type of protein, PPD-S, and bacillary protein. 

Rabbits sensitized with any of the tuberculoprotein antigens had precipitating 
antibodies only to these proteins and low complement-fixation titers. Sensitiza 
tion with the antigenic polysaccharide gave rise only to antibodies to polysac- 
charide, None of these rabbits was immune 

Sensitization with BCG, which usually results in immunity, induced pre- 


cipitating antibodies to tuberculoprotein and tuberculopolysaccharide and high 


complement-fixing antibodies, except in rabbits of known genetic susceptibility 
In the last-named animals, the antibodies to the polysaccharide were shown to 
be deficient. 
Tuberculopolysaccharide and, to a less extent, tuberculoproteins (1 and 
B) specifically interfered in vitro and in vivo with antigen-antibody reactions. 
An hypothesis is given, on the basis of the experimental data, which considers 
the tuberculopolysaccharide, if free in the body, to be able to interfere with im- 
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mune reactions, and emphasizes the possible importance of a balanced antibody 
spectrum in immunity 


SUMARIO 


La I mportancia de los Anticuerpos ala Tuberculoproteina y los Polisacdridos en la Resistencia 
a la Tuberculosis. Impedimentos a los Anticuerpos por Dichos Antigenos 


Los anticuerpos 4 las tuberculoproteinas y los tuberculopolisacdéridos fueron identi 
fieados y diferenciados por la precipitinorreaccién, usado antigenos purificados obtenidos 
de la tuberculina. Los anticuerpos fijadores del complemento fueron identificados Gnica- 
mente por ciertos antigenos, la proteina de tipo C, el PPD-S y la proteina bacilar 

Los conejos sensibilizados con cualquiera de los antigenos tuberculoproteinicos no 
tenian mds que anticuerpos precipitantes a dichas proteinas y mostraban titulos bajos de 
fijacién del complemento. La sensibilizacién con el polisacdrido antigénico no produjo 
més que anticuerpos al polisacdrido. Ninguno de estos conejos quedé inmune 

La inmunizacién con BOG, que suele culminar en inmunidad, produjo anticuerpos pre 
cipitantes a la tuberculoproteina y al tuberculopolisacdrido y titulos altos de antigenos 
fijadores del complemento, excepto en los conejos de conocida susceptibilidad genética, en 
los que los antigenos al polisacdrido resultaron deficientes. 

il tuberculopolisacdrido y, en menor grado, las tuberculoproteinas (A y B) obstruyeron 
especificamente in vitro e tn vivo las reacciones de antigeno-anticuerpo 

A base de los datos experimentales, ofrécese una hipdétesis que considera al polisacdrido 
como nocivo si esta libre en el cuerpo, y recalca la posible importancia de un espectro 


equilibrado de anticuerpos en Ja inmunidad. 


RESUME 


L'importance des anticorps des tuberculo-protéines et dea tuberculo-polysaccharides dans la 
résistance 4 la tuberculose. L'action inhibitrice de ces antigénes sur les anticorps 


Les anticorps des tuberculo-protéines et des tuberculo-polysaccharides ont été identi- 
fiés et leurs caractéres distinetifs ont été déterminés par la réaction de précipitation en 
utilisant des antigénes purifiés extraits de la tuberculine. Les anticorps fixant le com 
plément ont été identifiés uniquement par certains antigénes, la protéine type C, PPD-S 
et protéine bacillaire 

Des lapins sensibilisés avee n’importe lequel de ces antigtnes tuberculo-protéiques 
avaient des anticorps qui ne précipitaient qu’en présence de ces protéines et des titres de 
fixation du complément faibles. La sensibilisation au polysaccharide antigénique ne pro 
duisait que des anticorps au polysaccharide. Aucun de ces lapins n’était immun 

La sensibilisation au B.C.G., qui entraine habituellement l’immunisation, provoquait 
‘apparition d’anticorps précipitant en présence de tuberculo-protéine et de tuberculo 
polysaccharide et des anticorps ayant un taux de fixation du complément élevé, excepté 
chez les lapins ayant une sensibilité génétique reeonnue et chez lesquels les anticorps au 
polysaccharide ont été reconnus déficients 

Les tuberculo-polysaccharides et, A un moindre degré, les tuberculo-protéines (A et B 
intervenaient spécifiquement in vitro et in vivo dans les réactions antigéne-anticorps. 

En se fondant sur les données expérimentales, les auteurs formulent |l'hypothése de la 
nocivité du tuberculo-saccharide libre dans l'organisme et ils mettent l’accent sur l’impor 
tance possible du spectre anticorps équilibré dans l’immunité. 
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SEROLOGIC INVESTIGATIONS OF MYCOBACTERIAL ANTIGENS' 


I. The Specificities of Aqueous and Saline Extracts of BCG, Mycobacterium Phlei, 
and H37Rv 


JOHN R. THURSTON,? MELVIN RHEINS, ano TOMEZO HUZIWAKA® 
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INTRODUCTION 


It is generally conceded that only polysaccharides are adsorbed to the surface 
of normal erythrocytes (1). Nevertheless, Gaby, Black, and Bondi (2) and Fisher 
(3) have demonstrated antigenic similarities and differences among the myco 
bacteria by sensitizing erythrocytes with tuberculins or phenolic extracts from 
various organisms and by testing the treated erythrocyte suspensions with specific 
antiserums. The type specificities of the mycobacteria are apparently associated 
with the protein components of the bacterial cell (4). Hence, in the studies cited, 
either type-specific polysaccharides, not previously recognized, were demon- 
strated by the erythrocyte sensitization or polysaccharide-protein complexes 
had been adsorbed with the protein portion of the complex directing the specific 
ity. If the latter were the case, it would then become important in antigenic 
studies to obtain erythrocyte-sensitizing material from the test bacilli by pro- 
cedures least likely to disrupt cellular complexes, 

In the present investigation the antigenic relationships among erythrocyte- 
sensitizing antigens of Old Tuberculin (OT) and water and saline extracts of rep- 
resentative mycobacteria were examined. In order to avoid or minimize the loss 


of erythrocyte-sensitizing components, the bacillary masses were not defatted 


prior to extraction 


MATERIALS AND METHODS 


Serum: The serum samples employed throughout this investigation were obtained from 
rabbits bled at weekly intervals following a single injection of 2.0 mg. of saline suspensions 
of BCG, Mycobacterium phlei, or M. tuberculosis var. hominis (H37Rv) or bovis (Ravenel 
Prior to storage at —20° C., the serum was heat inactivated (56° C., for thirty minutes), 
adsorbed twice at room temperature with 0.1 volume of normal sheep cells (twenty minutes 
per adsorption) to remove heterophil antibody, and diluted 1:2 with phosphate buffered 
saline (pH 7.4). Aliquots of the serums were heated for an additional ten minutes at 70° C 
before testing for the presence of heat-stable antibodies (5 

Hemagglutination and hemolytic tests; The technique for the hemagglutination test (6 
consisted of mixing 2 drops of OT* (1:15)-sensitized sheep erythrocytes with equal volumes 
of doubling saline dilutions of the test serum, followed by incubation for thirty minutes at 
37° C. After light centrifugation, the last serum dilution showing marked agglutination of 
cells was considered the end point of the titration. The hemolytic test was performed in 

' From the Department of Bacteriology, The Ohio State University, Columbus, Ohio 

* Present address: Ohio Tuberculosis Hospital, Columbus, Ohio 
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River, New York. 
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precisely the same manner except that one drop of adsorbed guinea pig complement (1:3 


was added to each tube in the titration (6 
Preparation of bacillary extracta: M. phlei and BCG were cultivated in Fernbach or 


Erlenmeyer flasks containing nutrient broth (Difeo) to a depth of 2.5 em. After ten to four 


teen days’ incubation at 37° C., the cells were harvested by centrifugation and the excess 


moisture was removed by pressing the bacillary mass between sheets of filter paper. Two 


and one-half grams of cells were mixed with 12.5 ml. of water or phosphate buffered saline 


(pH 7.4) and were incubated for two hours in a 37° C. water bath with frequent agitation 
The supernatant fluid was removed after centrifugation at 3,000 r.p.m. for one hour in the 
cold, and filtered through a Selas filter. The aqueous extracts were made isotonic by the 


addition of dry sodium chloride 
A strain of M. tuberculosis of human origin (H37Rv) was cultivated in Sauton’s medium 


for three weeks and the cells were recovered by careful decantation. The bacilli were washed 


free of medium with cold saline and were used in the preparation of an aqueous extract 
as outlined above. This preliminary washing was found necessary since the glycerol in the 
residual medium was sufficient to affect adversely the sheep erythrocytes during sensiti 


zation 
Sensitization of sheep erythrocytes with crude bacillary extracts: Four milliliters of the 


appropriate bacillary extract were mixed with 0.1 ml. of packed sheep cells and were incu 


bated for two hours in a 37° C. water bath. The sensitized cells were washed three times 


with buffered saline and employed in the serologic tests as a 0.5 per cent suspension. The 


details of the testing procedures have been described above 


RESULTS 


Serologic Activity of Erythrocytes Sensitized with Aqueous or Saline Extracts of 
BCG and M. Phle 


Other reports from this laboratory have described the development of anti- 
body patterns in rabbits infected or immunized with mycobacteria (5, 7). In 


order to compare the antigenic specificity and sensitivity of erythrocytes treated 


with crude aqueous or saline extracts of BCG and M. phlei, serums procured at 


weekly intervals were tested for hemolysins and hemagglutinins as outlined above. 
Representative titrations, recorded in table 1, indicated that extraction of 


bacilli with water or saline resulted in the successful removal of erythrocyte- 


sensitizing material and that extract-treated cells exhibited serologic specificities 
not seen with OT-sensitized cells. It may be noted, for example, that sheep cells 
sensitized with the saline extract from M. phlei did not permit unheated serum 
hemagglutinins or either houl-stable antibody to be demonstrated in any of the 


serums tested. More ver, serums from 14 animals, not recorded here, gave 


similar results 

Of the four series recorded, only those serums from rabbits injected with M. 
phlei or BCG showed heated serum antibodies when tested with the other ex- 
tract antigens. Occasionally, however, these antibodies had been detected in 
serum samples from infected rabbits, thus suggesting that the general lack of 
demonstration might be attributed to a low concentration, rather than absence, 


of antigen in the extracts. 
Generally, the anti-M. phlei and anti-BCG serums reacted in higher dilutions 
with the extract-treated cell preparations than did the serums from infected 


animals, In addition, the aqueous extracts of both organisms were serologically 
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more reactive than the corresponding saline extracts as measured by antibody 
demonstration. For these reasons the aqueous extracts were used for the follow- 
ing experiments. 


Inhibition teats: The results reeorded in table | showed specificities that could be inves 


tigated most successfully by inhibition tests. Accordingly, a mixture of one drop of 1:15 
OT or undiluted aqueous extract and 2 drops of antiserum (diluted 1:8), was incubated 
in a 37° ©. water bath for thirty minutes. Following the addition of 2 drops of the appro 
priate sensitized-cell suspension, the mixture was reincubated for thirty minutes. Inhibi 
tion was indicated by the absence of hemagglutination. 

Inhibition of hemolysis was measured in a similar manner except that one drop of a 1:3 
saline dilution of adsorbed complement was included. In order to ascertain the diluting 
effects of the extracts, controls were prepared as above except that one drop of saline was 
substituted for the aqueous extracts. The serums employed in these tests were those de 


scribed in the previous experiment 


From the data tabulated in table 2, it may be seen that all the hemolytic 
controls were positive. The failure of certain serums to produce agglutination 
was attributed to dilution by the saline and the variable recovery of the agglu- 
tinogen from different preparations of the extracts, which, at present, is unex- 
plained. 

Old Tuberculin, 1:15, was completely effective in preventing all serums from 
reacting with OT-sensitized cells. It also inhibited hemolysis and hemagglutina- 
tion of BCG extract-sensitized cells by anti-H37Rv and anti-Ravenel serums, 
but did not affect the demonstrations with anti-M. phlei and anti-BCG serums. 
Heterologous hemolysis was not demonstrated with M. phlei extract-treated 
cells in the presence of OT, and it would appear that the early homologous serum 
was also neutralized. Erratic controls did not permit the attaching of significance 
to the inhibition of hemagglutination by OT or by the bacillary extracts with 
any of the serums and this antigen suspension. 

BCG -water extract inhibited reactions in all systems except with OT cells 
and antiserums from infected animals, while the M. phlei extract effectively 
blocked reactions only between serums from tuberculous rabbits and cells sensi- 
tized with BCG or M. phlei extracts. 

To further examine the inhibiting properties of these extracts, 20 specimens 
of serum were tested with no regard to their absolute titers. Since previous studies 
had shown some of these to be devoid of agglutinins, however, only hemolytic 
tests were performed. 

An aqueous extract of M. tuberculosis H37Rv was included in this experiment. 
A preliminary study had indicated that erythrocytes sensitized with this ex- 
tract reacted similarly to the standard OT-treated erythrocytes when tested 
with several specimens of antiserum. 

In general the results (table 3) verify the previous findings and emphasize 
the resemblance between the extract from the H37Rv strain and the standard 
OT, as measured by inhibiting properties. The failure of certain serums to react 
as anticipated can be explained most readily by the crudeness of the extracts. 

Cross-adsorption studies: The inhibition reactions in the previous experiments 
suggested that material with limited serologic specificity was present in the 
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TABLE 2 
HomoLocous AND HereroLocous InaipiTion BY OT aNp AQqugous 
Exrracts or BCG M. Pavel 


Antiserums 


Erythrocytes BCG HI7Re 
Sensitized 


th 
Weeks post Injection 


Blocking Extract 


Demonstration 


OT (1:15) 


BCG-water 


VW. phlei-water 


OT (1:15 


BCG water 


phlei water 


OT (1:15 


BCG - water 


M. phlei-water 


OT (1:15) 


water 


BCG- water 


VM. phlei 


M. phlei-water 


* + denotes hemolysis or hemagglutination 


aqueous extracts of BCG and M. phlei. This was verified by adsorption of the 
various antiserums with sheep cells sensitized with homologous and heterologous 


extracts. The adsorptions were performed by mixing an equal quantity of sensi- 
tized cells with each of the test antiserums, followed by incubation at room tem 
perature for ten minutes. The adsorptions were repeated until the serums no 


longer reacted with the adsorbing antigen. 


i 
Ravenel 
1 2 4 5 1 2 5 ! 2 2 4 5 
HL +* +++ ¢ + 4+ 4+ 4+ 4+ 44 
HA + tit + 4+ + + + + «+ O + OG 
HL + + + 4 
HL ++ + ++ + + + + + + + + + 4 
HA + 4 ; + 4 4 
HI. 
HA 
= HL + +++++++ +4 4 
HA + + + + + + + 
HA 7 
HA + + + + + 
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TABLE 3 
Homo _ocous ano Herernotocous Inuipirion or Hemoryais py OT (1:15) 
Aqueous Exrracts or H37Rv, BCG, ann M. Purer 


Erythrocytes Sensitized Blow k Antiserums 
phlei BCG Ravenel 
OT (1:15 tit + + + + + + + + + 
BCG water # + H+ ++ + + 4 +++ + + + + 4 + 
WV. phlei water ete e+ 4 
OT (1:15) 
H37Rv water i. + 4+ 
BCG water ‘ + 
WV. phlei-water + 4+ + 
OT (1:15) 
& 
H37Ky water Sad 
BOC water Sue + + 4 
Vv phler water 
OT tit + + + 4+ 4 
- 
BCC water = 
phlei water 
H37Ryv water + + + + + + + 4 
- 
BCG water whe +++ +4 4 
VW. phlei water + 4 + 


* + denotes hemolysis 


t Indicates animals immunized with heat killed organisms 


A comparison of the results recorded in table 4 with those in tables 2 and 3 
demonstrates the agreement between the adsorption and inhibition studies. The 
OT-sensitized cells removed all antibody except that detected by the homologous 
systems with W. phlet and BCG extract-sensitized cells. It can be seen that the 
reduction in the titer of the M. phlet-anti-M. phlei system is much greater than 
that observed in the BCG anti-BCG system. The M. phlei-sensitized cells re- 
moved antibody from the anti-Ravenel serum so that it no longer reacted with 
BCG -sensitized cells. However, the antibodies responsible for the OT-anti- 
Ravenel reaction were only partially removed. The hemolytic antibody in 
anti-M. phlei serum, as measured with BCG extract-sensitized cells, was reduced 
but not eliminated, and the agglutinating antibody was apparently unaffected. 

The BCG-sensitized cells removed all antibody except that measured with 


the OT-cell-anti-Ravenel system. 
DISCUSSION 


The above data clearly indicate that erythrocyte-sensitizing substances may be 
extracted with water or saline at 37°C. from untreated bacillary masses of myco- 
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TABLE 4 
ADSORPTION OF ANTISERUMS BY CELLS Sensitizep wirn OT (1:15) 
Aqueous Extracts or BCG M. 


AND 


Titers After Adsorption 


Test Antigens 
Antiserums Adsorbing Cells 
MW. Phlew Extract BCG Extract 


HA 


Ravenel 
phlei 
BOG 


Ravenel 
M. phlei 
BCG 


Ravenel VW. phlei 
WU. phlei extract 
BOG (water) 


Ravenel BOG 
phlei Extract 


BCG (water) 


bacteria. Moreover, the extracts exhibited specificities comparable with those 


of antigens recovered by more involved procedures. The apparent decrease in 
the number of antigens obtained by extracting M. phlet with saline as compared 
to the number of antigens in the water extract presents an interesting area for 
\t present, studies are in progress to determine if the 


further investigation 
differences are of a quantitative or qualitative nature and to determine the 
responsible factors. 

Heated serum antibodies were demonstrated with OT-sensitized cells in some 
antiserum to all of the mycobacteria. The only demonstration with extract 
sensitized cells, however, was in antiserums to WV. phler and BCG. As has been 
mentioned, this limited demonstration cannot be generalized to include all 
instances because the lack of demonstration with some serum may have been 
due to a low concentration of antigen. However, in the anti-BCG and anti-V 
phlei serums the heated serum antibody demonstrations with BCG-water 
extract-sensitized cells equals or exceeds those observed with OT cells. The 
failure to detect heated serum antibodies in anti-H37Rv and anti-Ravenel 
serums tested with extract-treated erythrocytes suggests that the specifie anti 
gens responsible for the heat-stable antibody demonstrations differ in the extract 
antigens and OT, 

The results of the various titration, inhibition, and adsorption tests support 
the view that the mycobacteria contain common antigenic substances or demon 
strate the so-called “antigenic overlap” (3). Furthermore, the data provide 
confirmatory evidence for the close antigenic relationship between the human 
and bovine strains of tubercle bacilli while M. phlet appears to be antigenically 
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more distinct. As might be expected, BCG occupies an intermediate position, 
although it is readily differentiated from the virulent strains by the inhibition 
and adsorption tests. 

The extraction of antigens from bacillary masses by the mild methods described 
here has the advantage of leaving the cells intact. The possibility is presented, 
therefore, that repeated extraction of the same bacillary mass may provide a 
means of investigating different antigenic substances, depending on their solu- 
bility, quantity, and spatial position in the bacterial cell. The report of such an 
investigation is the subject of the following paper. 


SUMMARY 


Erythrocyte-sensitizing antigens can be obtained readily from masses of non- 
defatted mycobacteria by extraction with water or saline at 37°C. These antigens 
exhibit specificities more limited than those demonstrated with Old Tuberculin. 


SUMARIO 


Investigaciones Serolégicas de los Antigenos Micobacterianos 


Pueden obtenerse fdcilmente antigenos sensibilizadores de los eritrocitos mediante la 
extraccién con agua o solucién salina a 37° C. de masas de micobacterias sin desgrasar 
Kiatos antigenos manifestan especificidades mds limitadas que las reveladas por la tuber- 
culina antigua 

RESUME 


Investigations sérologique dea antigéenes mycobactériens 


Les antigénes sensibilisateurs de l'érythrocyte peuvent étre facilement obtenus, A partir 
de masses de mycobactéries non dégraissées, par extraction A l'eau ou solution physiologique 
A 37° C. Ces antighnes disposent de qualités spécifiques plus limitées que celles démontrées 
par la tuberculine de Koeh (OT) 
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II. Specificities of Antigens Obtained by Successive Aqueous Extraction of BCG 
and Mycobacterium Phlei 


JOHN KR. THURSTON?! MELVIN RHEINS 
Received for publication August 29, 1955 . 
INTRODUCTION 
It is well recognized that antigens associated with bacteria do not necessarily 4 
exist in a dispersed state throughout the organism, but may be found in layers P 
or strata. Notable examples of antigenic stratification occur with pneumococci, 
Streptococer, and Salmonella. Meynell has reported that the superficial antigens ; 
of a strain of tubercle bacillus of human origin are apparently polysaccharide : 
while those more deeply situated are protein (1). 
As it has been established (2) that simple water or saline extraction removes . 
erythrocyte-sensitizing substances from non-defatted mycobacteria, it was de- 
cided to determine if repeated extraction of the same bacillary mass would result 
in antigens with different specificities. These differences might then be correlated 
with the relative solubilities and position of the antigens in the bacterial cell ‘: 
MATERIALS AND METHODS 


The details of the extracting procedures and the preparation of reagents were essentially 
those described in the preceeding paper (2). Although buffered saline was found effective as 


an extracting agent, larger yields of antigenic substances were obtained with distilled 


water. Therefore all extracts reported in this study were prepared with water and made 
isotonic with dry sedium chloride as was done in the previous experiments (2 


Bacillary masses of BCG and Mycobacterium phlei were extracted by suspending the 


organisms in water, followed by incubation, centrifugation, and filtration. The same bac 


illary masses were then subjected repeatedly to these procedures. The successive extracts 


were employed to sensitize normal sheep erythrocytes which were tested with homologous 


and heterologous antiserums 


EXPERIMENTAL RESULTS 


Specificities of Successive Aqueous Extracts of BCG and Mycobacterium Phlei 


From the results tabulated in table 1, it may be seen that the erythrocyte 
sensitizing lytic antigens present in the later BCG extracts retain their specificity 
for the homologous serum while the antigens reacting with heterologous serums 
apparently are removed or reduced to a minimum after two extractions. This is 


not the case with the lytic antigens from successive extractions of MM. phlev, 


in which the cross-reacting antigens are still present after several extractions 
The BCG agglutinogen disappears disproportionately upon successive extrac 
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TABLE 1 
Srecrmiry of Scccessive Aqueous Exrracts or BCG ann M. 


Antiserums 


Ravenel 


Erythrocyte Sensitizing Batract 


HL HA 


Gi 
BOG Il 2,048 128 12s $2 $2 
BOG Il 1,024 16 
BOG IV 128 


phlei I 16 
WV. phler Il 512 2) 16 $2 
WV. phlei 512 12s 16 
WV. phler IV 5l2 128 16 $2 
phlei V 12s 16 


* Hemolytic titer 
t Hemagglutination titer 


t Titer expressed as the reciprocal of the dilution 


tion, emphasizing its independence from the lytic antigen. No M. phlet agglu- 
tinogen was demonstrable in these extracts. 

While it is tempting to speculate further on the demonstrations of the agglu- 
tinogens in the various extracts, sufficient titrations of the type just described 
have not been conducted to permit predicting in which extract the agglutinogen 
will be present or absent. It should be remembered that, while these extracting 


procedures are revealing, the resultant extracts are crude preparations. 


The Effects of Concentration on the Specificities of Aqueous Extracts 
of BCG and M, Phlei 


Since the lytic antigen from later extracts of BCG apparently retained its 


specificity when tested with homologous serum, an attempt was made to further 


define this antigen 
BCG cells were extracted repeatedly and erythrocytes were sensitized with 
each extract. The last extract which either failed to sensitize cells or to which 


test antiserums reacted minimally was then concentrated eight times by vacuum 


desiccation at room temperature, made isotonic, and again used to sensitize 


sheep erythrocytes. For purposes of comparison, the sixth extract from MM. 
phlei was treated identically, although it had been observed (table 1) that the 
antigen responsible for the reaction with anti-./. phlet serum disappeared more 


rapidly than the antigen which reacted with anti-BCG serum. 
Erythrocytes sensitized with the concentrated twelfth BCG extract reacted 
with homologous serums to titers similar to those observed with cells treated 


with the first extract, while heterologous serums reacted minimally or not at all 


(table 2). 
Erythrocytes sensitized with the concentrated sixth extract from M. phler 
failed to give similar results, since the heterologous antigens were obviously 
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TABLE 2 
Tue or Concentration ON THE of Aqueous Exrracts 
or BCG M. Pures 


Hemolytic Titers of Antiserums to 


Erythrocyte Sensitizing Extract BCG phles Ravenel 


BCG I 106 2 14 25 32 1,024 
BCG XII 16 
BCG XIL & 2.048 12s tS ts +2 t4 


WV. phlei I 512. 4,006 «1.024 $2 It 16 
VW. phlei VI 512 32 16 
M. phlei VIS 1,024) 1,024 1,024 25 32 | 32 | 


still present. This is in keeping with the findings recorded in table 1, in which 
it may be observed that cells sensitized with subsequent extractions of WV 


phiet resulted in a progressive decrease of antigen detectable by both homologous 


and heterologous serums. Further extractions of M. phled cells did not disclose 


any change in the range of specificity 


Influence of Dilution and Concentration on Erythrocyte-Ne neaitizing 


8 of Aqueous Extracts of BCG 


The detection of antibody with sensitized erythrocytes implies a minimum 


quantity of antigen on the erythrocyte surface. Conversely, there is a maximum 


quantity of any one antigen which may be adsorbed (3). Although this is in 


part a function of the species of erythrocyte being tested, other factors, such as 


adsorbed but serologically nonreactive substances, are of importance 


In order to examine the influence of dilution and concentration on erythro 


eyte sensitization, the first BCG extract was either concentrated eight times, 


diluted 1:5, 1:10, and 1:15, or used as the undiluted extract. Suspensions of 


sheep cells sensitized with each of these preparations were tested with homologous 


and heterologous serums 


From the data (table 3) it appears that sufficient homologous antigen was 


TABLE 3 
Sensimizinge Caraciry or Diturep anp (8 CoNnceNnTRATED 
Aqueous Exrracts or BCG 


Antiserum 


Erythrocyte Sensitizing Extract BOG ACG phlei 


BCG I 


BOG Lis 8102 512 1,024 2) 2,048 
BCG [1:5 1,024 12s 12s 

BCG 11:10 ot 

BOG 12 


HL HA HL HA HI HA HI HA 
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present in the undiluted extract to result in maximal or nearly maximal erythro- 
cyte sensitization, as concentration (eight times) of the extract had little influ- 
ence on the anti-BCG titer. The demonstration of the cross-reacting antigens, 
however, was enhanced by the concentration procedure. 

The effect of diluting the extract prior to sensitization of erythrocytes indicated 
the specificity of the test antigen. Anti-BCG serum reacted with erythrocytes 
treated with the 1:15 dilution of extract while neither of the heterologous serums 
reacted with cells sensitized with the 1:10 or 1:5 dilutions. Thus the BCG 
extract just deseribed apparently contained both specific and cross-reacting 
antigens 


DISCUSSION 


The results recorded in the present report indicate that BCG may have an 
antigenic structure similar to that of the strain of tubercle bacillus of human 
origin described by Meynell (1). Therefore the cross-reactions with the initial 
extracts could be explained in terms of the superficial polysaccharide antigens 
which were eliminated upon continued extraction. The strain-specific antigens, 
less superficially located in the bacterial cell, could then predominate in the 
later extracts 

On the other hand, this stratification of antigens seems to be lacking in WV 
phlei since antigens for both homologous and heterologous serums were generally 
demonstrable 

The question of the adsorptive capacity of the normal erythrocyte has a direct 
bearing on the problem at hand. There is increasing evidence to indicate that 
adsorption of antigenic material by erythrocytes is quite selective and depends 
on the presence of particular erythrocyte-receptor sites. Landy (3) reported 
that the quantity of a given antigen that could be adsorbed by an erythrocyte 
was limited and minimized the probability of steric hindrance as the limiting 
factor by adsorbing purified antigens from several different bacteria to the same 
erythrocytes. The results obtained with the diluted and concentrated first 
aqueous BCG extract suggest that the homologous or species specific antigens 
may be adsorbed to erythrocyte receptor sites different from those required by 
the cross-reacting antigens 

Since it is generally recognized that the protein antigens of the mycobacteria 
represent the most strain-specific material in the organism (4), it becomes im- 
portant to consider whether protein antigens could be adsorbed by normal 
erythrocytes, Meynell (1) has suggested that the terms “protein” and “polysac- 
charide” should be used with caution, remembering the complexity of the chem- 
ical components in the mycobacteria. It is probable that, under the mild extract- 
ing conditions employed here, chemically pure components would not be 
isolated and the “protein’’ would be in association with polysaccharide material. 
The latter could provide the means of adsorption to the erythrocyte. The alter- 
native to this possibility is the existence of a strain specific mycobacterial poly- 
saccharide for which there is little, if any, precedence in the literature on tuber- 


culosis (5). 
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It is suggested that the mild extraction procedure described here and in the 
previous paper (2), combined with the selective adsorptive capacity of erythro- 
cytes, offers a convenient means for studying the antigens of the mycobacteria 
Perhaps further investigation with these techniques will reveal fundamental 


differences in the position of the antigens found in saprophytic, attenuated, and 


virulent strains of mycobacteria. Similar observations among other bacteria 
have been of importance in selecting the proper antigen for use in diagnosis or 
immunization. 


SUMMARY 


Specific erythrocyte-sensitizing antigens were obtained by repeated extraction 
of BCG cells. The arrangement or solubility of these antigens in BCG seemingly 
differs from those in WM. phlei. The technique of repeated extraction of the same 
bacillary mass offers a method of investigating various mycobacterial antigen 
antibody systems. 


SUMARIO 


Investigaciones Se rologu as de los A nligenos Vir obactlerianos // Es yecifu idade de lo 
} J 
{ntigqenos Obtenidos por Extraccién Acuosa Sucesiva del BCG y del 
ycobacterium phler 


Obtuviéronse antigenos especificos sensibilizadores de los eritrocitos mediante la ex 
traccién repetida de células de BOG. La disposicién o solubilidad de estos antigenos en 
BCG discrepa aparentemente de la observada en M. phlei. La técnica de la extraccién repe 
tida de la misma masa bacilar ofrece un método para investigar varios sistemas micobac 
terianos y de antigeno anticuerpo 


RESUME 


Investigations sérologiques des antigines mycobactériens. 11. Qualités apécificiques des 
/ / pect, 
antigenes obtenus a partir de BCG et de M phle par extraction aqueuse répélée 


Des antigénes «pécifiques, sensibilisateurs de l'érythrocyte, ont été obtenus par 
traction répétée a partir de cellules de BCG 

La disposition ou la solubilité de ces antigénes dans le BCG semble différer de celles 
observées pour le VW. phlet. La technique de l’extraction répétée & partir d'une méme masse 
bacillaire offre une méthode permettant linvestigation de divers systémes mycobactériens 


et antigenes anticorps 
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THE DEVELOPMENT OF A RAPID MICROCULTURE TECHNIQUE FOR 
PRIMARY ISOLATION OF MYCOBACTERIUM TUBERCULOSIS' 


The cultural methods which have been developed for primary isolation of tubercle 


bacilli, although time-consuming, are quite reliable. Improved media are available which 


support the growth of small numbers of tubercle bacilli, and differentiation can usually 


be made with respect to pathogenic and saprophytic acid-fast bacilli. Despite the im 


provements in media there has been little reduction in the time (three to eight weeks) re- 


quired for culture of the organisms, and it appears unlikely that further changes in the 


composition of media will appreciably reduce the relatively long incubation period 


However, if a satisfactory method were available for the detection of early colonial 


growth, cultural demonstration of M. tuberculosis could be accomplished in a few days 


Several microculture techniques for the primary isolation of tubercle bacilli have been 


deseribed,?* but these techniques have proved deficient in lack of sensitivity or have 


been too laborious for routine use. The present paper embodies a description and the 


preliminary evaluation of a simplified method of microculture for the primary isolation 


of M. tuberculosis, which allows the use of alkali-treated, concentrated specimens. The 


procedure for microculture and the method of evaluation were as follows: 


Sputum specimens to which an equal quantity of 4 per cent sodium hydroxide had 
been added were placed in a bottle shaker and subjected to approximately 250 to 300 


oscillations per minute for fifteen minutes, The specimens were then transferred to 


screw-cap test tubes and centrifuged at 3,000 r.p.m. for fifteen minutes. The superna 


tant was disearded. One drop of a 0.04 per cent solution of phenol red was added to 


euch sediment, and normal hydrochloric acid was carefully added by means of a capil 


lary pipette until a faint pink color was attained. Each neutralized specimen was 
buffered by the addition of 0.1 ml. of sterile 0.1 M phosphate buffer pH 7.0, to each 2 ml 
of sediment. Five milliliters of sterile | per cent Trypticase” (B.B.L.) broth were then 


wided to each neutralized sediment which was subsequently resuspended. The speci 


mens were again centrifuged at 3,000 r.p.m. for fifteen minutes, after which the super 


natants were discarded 
From each specimen, 0.1 ml. of the sediment was transferred by means of a pipette 


and was spread on the surface of each of five sterile, narrow split-glass slides half the 


usual width, which were contained in two labeled Petri plates. The Petri plates had 


been modified by the insertion of a layer of No. 3 Whatman filter paper on the bottom 


of each plate and by the use of a cover fashioned from identical filter paper to hasten 


drying. Prior to use, sterilization of the modified plates containing the narrow slides 


was accomplished by heating in an autoclave equipped with vacuum or in a hot air 


oven, The plates containing the inoculated slides were placed in a shallow cardboard 


tray, covered with wrapping paper and allowed to remain at room temperature for 


forty five to ninety minutes, at which time the sediment had usually dried. After 


drying, two of the slides were transferred by means of forceps, which had been dipped 


' Presented in part at the meeting of The Society of American Bacteriologists, held in 
New York, New York, 1055 

* Praveen, D. M.: J. Path. & Baet., 1941, 68, 327 

Lancet, 1943, /, 615 

‘ Benny, J. W., ano Lowny, H.: Am. J. Clin. Path., 1950, 20, 1087 

* Hesseceena, ann Oepina, P.: Acta tubere. Seandinav., 1952, 26 27, 217 

*Hovt, A., ef al.: Am. Rev 1954, 70, O16 
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in aleohol and flamed, to tubes containing 10 ml. of Oeding medium,’ which is composed 
of 1 part of bank blood and 3 parts of water. The remaining three slides were each 
transferred to slants of Tarshis blood medium.* The slides were transferred in such a 
manner that the surface containing the dried sediment was in direct contact with the 
surface of the slant of blood medium, against which it was pressed firmly 

Following incubation in an upright position at 37° C. for seven days, the slides were 
removed from the liquid medium and surface of the slants and placed along the inner 
wall of a funnel which had been inserted in a 2-liter Erlenmeyer flask containing 5 per 
cent phenol. A cover in which water could enter from the top was then placed on the 
funnel, and the slides were washed gently by a stream of distilled water. After washing 
the slides were transferred to Petri plates with a designated number and autoclaved 
at 15 pounds for fifteen minutes. The slides were then marked and stained by the Ziehl 
Neelsen technique. The low-power objective was used for microscopic examination of 
the slides. Following removal of the slides from the slants of Tarshis blood medium 
the latter were reincubated for development of gross colonies 

Stained smears of the sediment from all specimens which were being examined by 
the microculture method were examined microscopically. Duplicate cultures were 
prepared on both Tarshis and Lowenstein-Jensen media, in which 0.2 ml. of the sedi 
ment was used for the inoculation of each tube of medium. The cultures were incubated 
at 37° C. for a period of eight weeks 

\ total of 235 sputum specimens was examined in this study. All specimens were 


collected from patients prior to institution of therapy 


When microorganisms were present in the specimen in sufficient number to be observed 
in direet smears, microcolonies of M. tuberculosis could usually be detected within three 
days. The microcolonies were well developed after seven days and could be distinguished 
with the low-power objective of the microscope. However, the number of microcolonies 
on the slide and, in turn, the ease with which they could be found microscopically were 
dependent upon the initial number of microorganisms originally present in the specimen 
Microcolonies of M. tuberculosis which developed in slide cultures on Tarshis blood agar 
slants were compact, while the serpentine pattern of growth appeared to predominate 
on slides cultured in Oeding medium. Slide cultures of H37Rv on Tarshis slants produced 
compact colonies (figure 14). When 1 ml. of distilled water was added to each tube of 
Tarshis blood agar prior to slide culture of H37Rv, the microcolonies were predominately 
serpentine (figure 1B) 

Results pertaining to the detection of M. tuberculosis in a group of 235 clinical spec 
mens by direct smear, slide culture, and routine culture on Tarshis and Lowenstein 
media are summarized in table 1. It will be observed that an equal number of cultures 
were obtained on Tarshis and Liwenstein media. M. tuberculosis was detected in 32.8 


per cent of the specimens by direct smear, 41.3 per cent by slide culture, and 44.5 per 


cent by routine culture on Tarshis and Lowenstein media, Following removal of the 
slides and reincubation of the slants for forty-nine days, cultures of M. tuberculosis were 
obtained on all tubes of Tarshis medium on which positive slide cultures had been ob 
tained 

The growth of strains of M. tuberculosis on primary isolation by slide culture and on 
Tarshis and Liwenstein media is recorded in table 2. Four strains of tubercle bacilli 
grew on slide culture but failed to grow on routine culture, while eight strains grew on 
routine culture on both Tarshis and Lowenstein media but failed to grow on slide culture 


In « comparison of the isolation of VW. tuberculosia by slide culture in Tarshis and 


Oxpine, P.: Acta tubere, Seandinay., 1050 
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hia. 1A Typical compact microcolonies of M. tuberculosis H37Rv) in slide culture on 


unaltered Tarshis blood agar slant 


Fic. 1B. Typical serpentine microcolonies of M. tuberculoses H37Rv) in slide culture 
Tarshis blood agar slant to which | ml. of distilled water had been added prior to culture 
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TABLE 1 
Derection or M. Tusercuiosis py Direct Smear, Stupe anp Routine Cur 
ON Tarsuis AND LOwensTeIN MEDIA 


Specimens 


Method of Detection Positive 
Total 
Number 


Over-all testing of specimens 235 
Direct smear 235 
Slide culture—7 days 

Slant reincubated for 49 days 
Tarshis medium-—56 days 


Léwenstein medium—% days 


TABLE 2 
Growtu or M. oN Primary IsoLatTion By Stipe ano Routine 
Cuvrure oN Tarsus AND LOwensTern Mepta 


| Positive Specimens | Slide Culture Tarshis Medium Lowenstein Medium 


(,roup 
112 7 Days Days 6 Days) 


TABLE 3 
IsoLaTIoNn oF M. Tusercu.osis py Supe Cuirure iN Tarsnis AND Orping Mrpia 
Spee imens 
Culture Medium (Slide Culture 


Number Per Cent 


0.4 
5.1 
0.9 


Tarshis medium 


Oeding medium 
Positive Tarshis, negative Oceding 


to te 


Negative Tarshis, positive Oeding 


Oeding media, 4.2 per cent more cultures were obtained in the former medium (table 3), 
All cultures of M. tuberculosis which were isolated on Tarshis and Liwenstein media 
were typical and gave positive reactions in the neutral red test.’ 

In the development of this method of slide culture, there was considerable deviation 
in the regularity with which M. tuberculosis could be cultured, The irregularities were 
found to result mainly from the death of microorganisms during the twenty-hour period 


required for drying the alkali-digested specimens on the slides. Reproducible results 


were enhanced when variations were minimized by: careful adjustment of the hydrogen 
ion concentration of the digested and concentrated specimens; “washing” with | per 


* Dupos, R. J., aNp Mippteproox, G.: Am. Rev. Tuberc., 1948, 58, 698. 


Per Cent 
112 17.7 
77 32.8 
07 1.3 
6 11.0 
104 4.3 
235 104 4.3 
A 93 + + + 
B 1 t 
c 8 + 
D 3 
3 
Total 
235 
235 = 3 
235 | 
235 
- 
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cent Trypticase” broth to reduce the amount of accumulated inorganic salts prior to 
drying of the specimen on the slide and also to provide a suitable suspending medium 
for the organisms; and the use of absorbent filter paper to reduce the relatively long 
period required for drying the specimens on the slide 

The use of a solid rather than a liquid medium in slide culture retains the chief ad 
vantage of rapid cultural detection of M. tuberculosis and, in addition, allows recovery of 
the isolated organisms. The blood agar slants may be reincubated after removal of the 
slide and subsequent observations and studies may be made with respect to character 
ization of gross colonies 

In summary: A simplified slide culture method for primary isolation of Mycobacterium 
tuberculosia has been described in which Tarshis blood agar was utilized. Microcolonies 
of this organism were well-developed at seven days, when the results of the slide culture 
were recorded, M. tuberculosis was detected in 41.3 per cent of the specimens by slide 
culture and 44.3 per cent by routine culture on Tarshis and Lowenstein media. Cultures 
of M. tuberculosis were obtained on all reincubated slants of Tarshis medium which had 
supported positive slide cultures. Tarshis blood agar slants were found to be superior 
to Oeding liquid medium for slide culture of M. tuberculosis. This study was made on 
material in which acid-fast bacilli were observed on direct smear in 32.8 per cent of the 


specimens 
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THE EFFECT OF TUBERCULIN UPON THE OXYGEN UTILIZATION OF 
BLOOD AND OF SPLENIC TISSUE FROM TUBERCULOUS AND 
NORMAL GUINEA PIGS' 


Various tuberculins may exert a specific toxic effect upon tissues extirpated from 
tuberculin-sensitized hosts. This cytotoxicity is classically demonstrated by the use of 
tissue culture techniques.°* More recently, leukocytolysis has been observed when 


peripheral blood obtained from some “tuberculin-sensitive’’ donors®: was incubated 


with tuberculin in vitro 
Other techniques for the detection of leukocyte damage have been applied in an at 
tempt to avoid some of the inaccuracies inherent in leukocyte counting. Both the lysozyme 
release studies of Kerby and Chaudhuri and the metabolic studies of Marks and James 
failed to demonstrate that tuberculin was toxie for leukocytes from sensitized donors." 
This study was undertaken to evaluate the use of oxygen consumption as a measure 
of the eytotoxicity of tuberculin in small quantities for the leukocyte from the “tuberculin 


sensitive” host 


Subjects: Mature guinea pigs were injected intraperitoneally with 0.3 to LO mil. of stand 
ard BCG vaecine.’ 

Tuberculin: Skin tests were carried out, using 0.1 ml. of second strength PPD (equivalent 
to 0.005 mg. of standard tuberculin).'° These were graded at forty-eight hours on the basis 
of the mean diameter of induration as follows: <5mm. = 0;5to 10mm. = 4; 10 to 15 mm 
= +; >15 mm. = 2+ >15 mm. with necrosis = 44. A pure PPD (Lot No. 02150-F) was 
used in most of the in vitro studies. Ina few studies the standard skin testing tablets whieh 
contained “‘filler’’ were used 

Tissues: Heparinized blood was obtained by eardiae puncture at intervals from 4 5 to 
77 days after inoculation with BCG. The spleens were removed aseptically immediately 
after the animals had been sacrificed. These were placed direetly into iced Tyrode solution 
and teased apart. To the suspension of cells, freed of tissue stroma, were added: strepto 
mycin, 100 7 per ml.; penicillin, 10 units per ml.; and heparin, | mg. per ml 

Vetabolic studies: Oxygen consumption by whole blood or splenic cell suspensions was 
measured. Three milliliter aliquots of blood obtained from a single donor were placed into 
each of two sterile Warburg flasks. One-half milliliter of Tyrode solution was then added 
to the cell suspension. The Tyrode solution was modified to contain 0.5 gm. of glucose per 
100 ml. and buffered with NaHCO, to avoid phosphate ions which might alter tubereulin 
evtolysis.* The side arm of the test flask contained 0.1 ml. of Tyrode solution with 50 to 
250 y of PPD; the side arm of the control flask contained 0.1 ml. of plain Tyrode solution 
Most studies were carried out using 50 y of PPD which was approximately the amount used 


Supported by grants H-1074(C3) and -32(C5) from the United States Publi Health 
Service 
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in previous cytolysis studies. Manometer readings were recorded at thirty-minute inter 
vals. After measuring oxygen consumption over a two-hour control period, the side arms 


were emptied into either the blood or splenic cell suspension, and oxygen consumption was 


studied over a subsequent two-hour period. 


Cytolysis tests: Heparinized blood was collected from single donors, and a mixture of 
streptokinase (100 units)-streptodornase (10 units) was added to diminish clumping of the 
leukocytes. Aliquots of 3.5 ml. were pipetted into each of two siliconed test tubes (12.5 by 
100 mm.). To one were added 100 y of PPD dissolved in 0.1 ml. of Tyrode solution; to the 
other, 0.1 ml. of plain Tyrode solution. The tubes were mixed and leukocyte counts were 


inumediately withdrawn. These tubes were then placed in an incubator at 37°C. on a me- 
chanical roller and turned at 25 r.p.m. After ninety minutes, leukocyte counts on each tube 


were repeated 
Anisotonia: To obtain standardized percentages of lysed cells, anisotonia was produced. 


Whole blood was diluted: (/) with an.equal volume of either distilled water (pH 6.7) or 


isc tonic saline (pH 6.95); or (2) with two volumes of water or saline to one volume of blood. 
Aliquots (3.5 ml.) were then studied for oxygen consumption over a four-hour period 
The osmotic pressure of plasma diluted in the same way as whole blood was determined 


by freezing point depression 
Oxygen consumption ratio: Oxygen consumption often varied between duplicate flasks 
Te correct for these nonspecific variations, an ‘‘oxygen consumption ratio’’ between test 


and control flasks was calculated as follows: 


consumption-control-before PPD O; consumption-test-after PPD 


Oy consumption-test-before PPD Oy consumption-control-after PPD 


Values of 1.0 indicated no change; greater than 1.0, an increase in oxygen consumption 
after the addition of PPD; and less than 1.0, a decrease in oxygen consumption after PPD 


had been added. 


The uptake of oxygen by whole blood and splenic cell suspensions from both normal 
and “tuberculin-sensitive” guinea pigs was not altered by the addition of tuberculin 
(table 1) 

Simultaneous determination of leukocytolysis and oxygen consumption in a single test 
vessel was not possible because of the tendency of leukocytes to clump when shaken in 


Warburg vessels. However, leukocytolysis studies were done on 7 animals with one 


aliquot of blood, while at the same time oxygen utilization studies were performed with 


a second aliquot (table 2). Leukocytolysis tests were performed on other BCG-infected 


guinea pigs as well as on normal control animals 


TABLE 1 


or TUBEBRCULIN UPON OXYGEN CONSUMPTION 


Skin Sensi Oxygen Consumption 


Experimenta! Condition a, Animals Experiments tivity Ratio 
number) (number mean + 25.D.* 

Normal Blood 24 44 0 0.958 + 0.204 
BCG-infeeted Blood 12 19 0 to 4+ 1.039 + 0.258 

1! | O 1.041 

12 + 1.052 

+ 1.013 

4 2+ 1.068 

ll 1+ 1.043 
2+ to4+ 1.049 + 0.170 


BCG-infeeted Spleen 9 


* S.D.—standard deviations 
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TABLE 2 
krrect oF Upon Leukocyte Counts 


Leukocyte Count Ly 
Per Cent Change 


Experimental Conditior Anima! Number Skin Sensitivity 
Normal 3 + 8.461 
BCG infected 


* Total number of animals 


t Mean + 2 standard deviations 
t Values differing more than 2 standard deviations from mean of the normal animal 


§ Simultaneous evtolysis and oxygen uptake studies 


TABLE 3 


Errect or Vaniations tN Tonicrry UPON OXYGEN CoNnsuMPTION AND Let Counts 


Change After Four Hours Incubation 


Number Mean Percentage 


of 
bxper Water (Dilution) 


ment 
Leukoeyte count 
Oxygen consumption*® 76.8 


* Comparison of change in oxygen consumption between the second one-half-hour period 
and the eighth one-half-hour period 


Significant decreases in leukocyte counts following exposure to tuberculin were noted 


in 5 of the 12 “tuberculin-sensitive” animals. Thus, cytolysis as determined by cell 
enumeration can be demonstrated in BCG-infected guinea pigs. Oxygen uptake studies 
were repeated thirteen times on blood from 3 of the animals with “positive’’ leuko 
cytolysis tests. The oxygen consumption ratios of whole blood from these animals did 
not vary as much as one standard deviation from the mean established in control ani 
mals. No correlation existed between leukocytolysis and change in oxygen consumption 
when both were determined simultaneously 

The validity of alteration in oxygen utilization as a measure of the number and in 
tegrity of leukocytes was evaluated by studying the effects of anisotonia on the leukocyte 
counts and oxygen utilization of whole blood. Leukocytes can exist in a range of tonicity 
from 220 to 380 milliosmoles (mOs.)."' The osmolar pressure in a representative study 
was as follows: Water-plasma (W.-P.) 1:1--135.1 mOs., W.-P. 2:1- 89.9 mOs., saline 
plasma (S.-P.) 1:1--281.3 mOs., and 8.-P. 2:1--285.3 mOs, These extremes of hypo 


" Turous, J. L.: Am. J. Physiol., 1947, 148, 708. 
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OXYGEN CONSUMPTION (ju!) 


TIME (HRS) 
Fig. 1. Effeet of variations in tonicity upon oxygen utilization by whole blood (guinea 


tonicity caused hemolysis and marked leukocytolysis which were associated with changes 
in the rate of oxygen utilization (table 3, figure 1). “Oxygen consumption ratios” be 
tween hypotonic and isotonic preparations were calculated. The mean values were: 1:1 
dilution 0.625; and 2:1 dilution 0.376. These compared with decreases in leukocyte 
counts of 37.8 per cent and 63.7 per cent, respectively 

The exposure of whole blood obtained from “tuberculin-sensitive” guinea pigs to 
small quantities of tuberculin in vitro resulted in significant decreases in the leukocyte 
counts in 5 of 12 animals. Exposure of whole blood or splenic cell suspensions from these 
as well as from additional “tuberculin-sensitive” guinea pigs to tuberculin resulted in no 
significant variations in oxygen utilization 

The lysis of whole blood by extreme hypotonicity resulted in variations in the rate of 
oxygen uptake which roughly correlated with the fall in leukocyte count. Likewise, 
oxygen consumption ratios were significantly decreased with the degree of hypotonicity 
produced 

Based upon rates of oxygen utilization by leukocyte suspensions, Mark and James 
concluded that tuberculin was not directly toxic to sensitized leukocytes.” The present 
studies indicated that, while changes in oxygen utilization did occur with extreme hypo 
tonicity, similar changes in oxygen utilization did not occur following the addition of 
tuberculin to whole blood samples which demonstrated leukocytolysis as determined by 
cell enumeration. Why leukocytolysis, as determined by cell enumeration, was not 
associated with changes in oxygen utilization was not evident in these studies. However, 
failure to demonstrate a change in oxygen utilization by sensitized leukocytes following 
exposure to tuberculin does not seem to warrant «a conclusion that tuberculin is not 


directly toxie to sensitized leukocytes 
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In summary: By the techniques used, tuberculin did not alter significantly oxygen 


uptake by whole blood or splenic cell suspensions obtained from normal or BCG-infeected 
guinea pigs. Significant leukocytolysis was seen following the exposure of whole blood 
obtained from BCG-infected guinea pigs to tuberculin when studied by the method of 
cell enumeration. Extreme hypotonicity resulted in variation in rate of oxygen uptake 
which correlated roughly with the degree of leuakoeytolysis produced 
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BRONCHOSCOPY IN THE DIAGNOSIS AND THE LOCALIZATION OF 
BACTERIOLOGICALLY POSITIVE TUBERCULOUS LESIONS 


Several workers have reported that secretions aspirated bronchoscopically are more 
likely to contain tubercle bacilli than expectorated specimens and, further, that it is 
possible by this method to determine accurately the side of origin of tubercle bacilli.-* 
Some writers, however, dissent from this position. Tison,* for example, found that bron- 
choscopy is not accurate in localizing the side of origin of tubercle bacilli because the 
sputum represents a mixture derived from both lungs. It is believed that the conflicting 
results might be due to inadequately controlled studies. It is the purpose of this report 
to present the bacteriologic findings in 44 bronchoscopies as compared with the results 
of examination of expectorated sputum collected over a period of seventy-two hours 
previous to bronchoscopy. In addition, the accuracy of bronchoscopy in localizing the 
source of the tubercle bacilli in the sputum was checked in 20 instances in which the 
source could be determined by other means, In 2 patients there was roentgenographic 
evidence of appreciable disease on one side only and, in 18, subsequent surgical excision 
followed by a disappearance of tubercle bacilli from the sputum was confirmatory 


The patients were premedicated with suitable doses of sodium pentobarbital, meperi 
dine hydrochloride, and atropine. When sputum was copious, postural drainage was en- 
couraged prior to the procedure. After topical tetracaine hydrochloride anesthesia to the 
hypopharynx and tracheobronchial tree, the bronchoscope was passed. Secretions were 
aspirated from the trachea above the main coryna and the suction tip was discarded. The 
bronchoscope was then advanced into the side thought to harbor no source of tubercle 
bacilli. Using a new sterile aspirator, secretions were obtained opposite the upper lobe ori 
fice unless predominant disease was present in another lobe, in which case secretions from 
the latter were collected. The aspirating cannula was then rinsed with a few drops of physio 
logic salt solution. If no sputum was noted in the collecting (Lukens) tube, approximately 
2 or 3 ml. of physiologic salt solution were injected through the bronchoscope and reaspirated 
after the patient had been encouraged to cough. Following this the bronchoscope was in- 
serted into the other side and sputum was collected opposite the orifice of the suspected 
lobe, using a new sterile aspirator. Lavage was performed, if necessary, as on the opposite 
side, Although curved aspirating cannulas were used in a number of cases, they did not 
prove to be of greater value than the straight ones and were therefore abandoned 

The specimens were labeled to indicate the side of origin. Films of the concentrated 
sediment were stained by the Ziehl-Neelsen technique and the number of bacilli was re 
ported by Gaffky count. Cultures were read after six weeks and were reported as |. to 
4-plus or by colony count. 


Eleven bronchoscopies were performed on patients whose expectorated sputum was 
negative for tubercle bacilli. Only one of these yielded bacilli on examination of the 
bronchoscopic specimens. Bronchoseopic aspirates obtained from the remaining 33 
patients with positive expectorations yielded tubercle bacilli in only 28 instances. This 
indicates that the seventy-two-hour expectoration is more likely to yield tubercle bacilli 
than the material aspirated bronchoscopically 


er, F., et al.: Rev. de la tuberce., 1931, 12, 71. 
* Sarpman, 8. J.: Am. Rev. Tubere., 1939, 39, 629 
* Lemoine, J. M., anv Diacoumopoutos, A.: Rev. de la tuberc., 1943, 8, 117. 
‘ Baniery, M., ann Patuias, J.: Rev. de la tubere., 1944-1945, 9, 337. 
* Wanneny, M.: Rev. de la tubere., 1947, 1/7, 605 
* Tison, F.; Semaine d. hép. Paris, 1947, 23, 2633. 
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Of the 20 bronchoscopies performed on patients whose side of origin of the tubercle 
bacilli could be determined by other means, 9 yielded negative smears and cultures on 
the side opposite the one from which the bacilli originated. In 10 instances, although 
the opposite side yielded bacteriologically positive results, the side from which the bacilli 
originated yielded a larger number of organisms by smear and a higher colony count by 
culture. In one instance the side from which the bacilli originated yielded a lower count 
by smear and culture 

The following case is presented as an example of the value of bronchoscopy in the 


localization of the source of tubercle bacilli 


M. F., «a 42-year-old white male, developed pulmonary tuberculosis in 1038. Roent 
genograms revealed a cavity in the right lung. The patient was treated with left pneu 
mothorax from 1938 until 1943 and did well until March, 1948, when serial roentgeno 
grams revealed an increase in disease, and culture of the gastric lavage was positive 
for tubercle bacilli. Right pneumothorax was instituted, The patient again did well 
until July, 1952, when roentgenograms revealed an increase in disease in the left pul 
monary apex and the sputum again became positive for tubercle bacilli. In August, 
1952, he was started on multiple-drug chemotherapy, but he continued to exerete 
tubercle bacilli and the strain was resistant to streptomycin, para-aminosalicylic acid 
(PAS), and isoniazid. On July 23, 1953, pulmonary decortication and right upper : 
lobectomy were performed and were followed on August 19, 1953, by a five rib post 


resection thoracoplasty. In spite of these procedures the sputum remained infectious ; 
Serial roentgenograms of the chest, including planigrams, revealed an indistinet 
0.8 em. radiolucency in the left apex. On the right side, nodular disease without definite 


cavity could be identified beneath the thoracoplasty. 

Bronchoscopy, performed on November 2, 1954, revealed no abnormality, but 
abundant secretions were seen to come from the left upper lobe bronchus. Specimens 
taken opposite each upper lobe bronchus were negative for acid-fast bacilli on micros 
copy. Culture of the specimen from the right side was negative but the culture from the : 
left side yielded one colony of tubercle bacilli. Bronchoscopy was repeated on December 
21, 1954. On this occasion a few organisms were detected, both on microscopy and cul 
ture of material from the left side and only by culture of the material obtained from 
¥ the right side 

It was decided to do a left pulmonary resection. Antituberculous drugs were again 
started. A wedge resection of the left upper lobe on April 28, 1955, yielded a cavity 
bearing specimen. Postoperatively the sputum became negative for tubercle bacilli 

In this case differential bronchoscopy yielded evidence which supported the decision 
to perform a resection on the left side. The bacteriologic studies and the observation 
of the origin of sputum at bronchoscopy indicated that the bacilli were originating in 
the left upper lobe. 


é It is evident from the results of this study that specimens of sputum obtained by : 
bronchoscopy are not more likely to contain tubercle bacilli than expectorated sputum : = 


collected over a prolonged period. Bronchoscopy may be of value, however, if for some 
reason expectoration cannot be obtained. This does not mean that bronchoscopy should 
not be recommended, since the visual findings may prove of value 

From the results obtained in the 20 cases in which the source of tubercle bacilli was 
checked by other means, it is obvious that sputum tends to spill to the opposite side 
This tendency seems greater when sputum is abundant. In spite of this, however, in 19 
of the 20 cases studied, the source of the positive sputum was reflected by a higher num 
ber of bacilli demonstrable on microscopy or culture. It may thus be concluded that 
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bronchoscopy tends to indicate the origin of bacilli when they emanate from only one 
side. In patients who have bacteriologically positive lesions in both lungs, the bac 
teriologic findings may only indicate which side is producing the most organisms. Even 
this may be of value in planning surgical therapy. The results were inaccurate in one 
instance, The possibility of an error in handling the specimens should at least be con 
sidered in this instance. The results of bronchoscopy should be carefully correlated with 
other clinical and laboratory findings 

In summary: Bronchoscopy in the diagnosis and localization of bacteriologically 
positive lesions of pulmonary tuberculosis has been evaluated. Sputum obtained by 
bronchoscopy yields fewer organisms than sputum collected over a prolonged period. 
In unilateral disease the side which is the source of the bacilli in the sputum is indicated 
in almost all instances by a higher bacillary count on microscopy and culture. With bi- 
lateral infectious lesions, bronchoscopy may indicate only the side from which most of 
the bacilli emanate 
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INTERMEDIARY METABOLISM OF GLUCOSE BY 
MYCOBACTERIUM SMEGMATIS' 


Although voluminous literature concerned with the metabolism of the mycobacteria 
has been published, the intermediary metabolism of glucose by these organisms is not 
well understood. In an excellent review on this subject, Edson? proposed that the Emb 
den-Meyerhof scheme might be in operation for the oxidation of glucose This proposal 
was based primarily on the fact that methylene blue is reduced by hexosemonophosphates 
and hexosediphosphates and the observation that triose phosphate dehydrogenase and 
enolase have been shown to be present in mycobacteria. However, neither hexokinase 
nor phosphofructokinase have been shown to be present in enzyme extracts MeLaren 
and Jann® also came to the conclusion that Mycobacterium 607 utilized the Embden 
Meverhof scheme in the oxidation of glucose and that glucose-grown cells of Mycobac 
terium 607 did not utilize the hexosemonophosphate shunt pathway. They reported 
that neither ribose nor 6-phosphogluconic acid was oxidized by glucose-grown M, 607, 
but that they were oxidized by gluconate-grown cells. These are not necessarily valid 
criteria for exeluding the monophosphate pathway since they do not take into account 
permeability factors whieh could influence the metabolism of the mycobacteria 

The present studies demonstrate that enzyme extracts of Mycobacterium smegmatis 
contain all of the enzymes of the hexosemonophosphate shunt; however, all of the en 


zymes necessary for the Embden-Meyerhof seheme could not be detected 


V ycobacterium smegmatis was grown on Youman’s modification of Proskauer and Beck 
medium‘ with | per cent glucose substituted for glycerol. Cells were grown for two days 
filtered. and washed several times in distilled water containing 0.05 per cent Tween" SO 
Cell-free extracts were prepared by grinding the washed organisms in 60-mesh glass, and 
eluting with 0.05 M Tris, pH 7.5. This extract was centrifuged at O°C. at 25,000 * G for 
one hour. Except where indicated, the extract was dialy zed against distilled water for ten 
hours before use. (Diphosphopyridine nucleotide (65 per cent) and triphosphopyridine 
nucleotide (70 per cent) were obtained from the Sigma Chemical Company.) Hexokinase 
was determined by the method of Cardini® and aldolase by the method of Sibley and 
Lehninger.* Glucose 6 phosphate dehydrogenase and 6 phosphogluconic acid dehydrogenase 
were determined by measuring the rate of reduction of triphosphopyridine nucleotide at 
340 mu in the Beekman DU spectrophotometer. Gluconokinase was determined by reduc 
tion of triphosphopyridine nucleotide in the presence of gluconic acid and adenosinet riphos 
phate. Phosphohexoisomerase was determined by incubating glucose -6-phosphate with the 
enzyme extract and determining fructose formed by use of the cysteme« arbazole test of 
Dische and Borenfreund.’ Phosphofructokinase was tested by the method of Racker® and 


' This study was aided in part by a research grant (G-3591) from the National Insti 
tutes of Health, Public Health Service, and in part by a grant from the Committee on 
Medical Research of the American Trudeau Society, medical section of the National 
Tuberculosis Association, made possible by a special bequest from the estate of Grace 
Velie Harris 

? Epson, N. L.: Baet. Rev 1051, 14, 147 

McLaren, L. C., ano Jann, G. J.: Am Rev. Tubere., 1955, 71, 260 

‘Youmans, G. P.: J. Baet., 1946, 708 

‘Carnpint, C. E.: Enzymologia, 1951, 14, 362 

‘Sister. J. A.. an» Lewnincer, A. L.: J. Biol. Chem., 1949, 177, 859 

Disene, Z., Borenrreunn, E.: J. Biol. Chem., 1951, 192, 585 

* Racker, E.: J. Biol. Chem., 1947, 167, 843 
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Fic. 1, Hezokinase; Tubes contained 0.2 ml. of 0.1 M glycyliglycine, pH 7.4; 0.1 ml. of 
0.1 M MgCl,; 0.2 ml. of 0.012 M glucose; 0.2 ml. of 0.025 M of adenosinetriphosphate; and 
04 ml. of enzyme extract (equivalent to 3.2 mg. of protein). At designated times 1.0 ml. 
of 0.3 N Ba(OH), was added, followed by 1.0 ml. of 5 per cent ZnSO,. After centrifugation, 
residual free glucose was determined on an aliquot of the supernatant according to the 
method of Nelson.’ All values were controlled by an identical tube without adenosine 
triphosphate. 
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Fic. 2. Phosphohexoisomerase: Tubes contained 1.0 ml. of Tris (0.1 M, pH 8.0); 0.2 ml. 
of 0.05 M glucose -6-phosphate ; 0.2 ml. of enzyme extract (0.10 mg. of protein); at indicated 
times 1.0 ml. of 0.2 N HCl was added to stop reaction, and the resulting ketose was deter 
mined on 0.2 ml. aliquot according to the method of Dische and Borenfreund.’ Glucose 4 
phosphate was withheld from control until after addition of HCI. 


by the method of Sibley and Lehninger,* using fructose-6-PO, and adenosinetriphosphate 
for substrate. Fructose-1-6 diphosphate was used as a control in both cases. 

The following enzymes were found in the extracts prepared from glucose-grown M yco- 
bacterium smegmatis: hexokinase (figure 1); phosphohexoisomerase (figure 2); glucose-6- 


* Newtson, N.: J. Biol. Chem., 1944, 153, 375. 
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Glucose-6-Phosphate 


6 - Phosphogluconate 
Gluconate + ATP 


OPTICAL DENSITY AT 340 mp 
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MINUTES 
Fic. 3. Silica cuvettes contained 1.0 ml. of 0.1 M Tris, pH 8.0; 0.1 ml. of 0.1 M MgCl); 
0.5 ml. of triphosphopyridine neucleotide (1 mg. per ml.); 0.3 ml. of 0.05 M substrate; and 
1.0 ml. of enzyme extract (10 mg. per ml. of protein). Controls without coenzyme and with 
diphosphopyridine neucleotide in place of triphosphopyridine neucleotide were inactive 
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Fic. 4, Aldolase: Tubes contained 0.1 ml. of 0.05 M fructose 1, 6 diphosphate; 1.0 ml. of 
0.1 M Tris, pH 8.0; and 0.1 ml. of enzyme extract (1.1 mg. of protein). Reaction was stopped 
at designated times and the 2,4 dinitrophenylhydrazone of triose phosphate was prepared 
according to the method of Sibley and Lehninger.* 


phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, and  gluconokinase 
(figure 3); and aldolase (figure 4). In addition, ribose-5-phosphate was rapidly cleaved 
to triose phosphate by extracts of glucose-grown cells. Phosphofructokinase could not be 
found in these extracts 

The growth of M. smegmatis on Proskauer and Beck medium containing glucose as the 
sole carbon source occurred only after a lag of six to seven days when inoculated with 
cells grown on glycerol. Once the cells were “adapted” to glucose, rapid growth on Pros 
kauer and Beck medium plus glucose took place. This was unexpected inasmuch as 
glycerol-grown cells were shown to contain hexokinase, glucose-h-phosphate dehydro- 
genase, phosphohexoisomerase, 6-phosphogluconic acid dehydrogenase, aldolase, and 
gluconokinase. Moreover, growth on either fructose or gluconate did not show a de- 
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monstrable lag under the same conditions, since maximum growth on these substrates 
was obtained within two to three days after inoculation from glycerol-grown M. smegmatis. 


The results demonstrate that M. smegmatis is capable of metabolizing glucose via the 
hexosemonophosphate shunt pathway. The absence of phosphohexokinase in the extracts 
suggests that the Embden-Meyerhof pathway may not be in operation but, like most 
negative evidence, this evidence is not conclusive 

Unpublished observations in which glucose-1-C™ was used indicate that only about 
10 to 15 per cent of the C™ is reclaimed in the metabolic carbon dioxide produced during 
a resting cell oxidation. This does not exclude the hexosemonophosphate shunt, however, 
as the sole mechanism of glucose oxidation. Glucose may be directly assimilated, or the 
end product of decarboxylation of 6-phosphogluconic acid may be a one carbon com- 


pound other than carbon dioxide which is reincorporated into cell material as has been 


proposed for the propionibacteria.”” 

The long adaptive lag of M. smegmatis for growth on glucose-containing media remains 
unexplained. The observation that glycerol-grown cells of M. smegmatis contained the 
necessary enzymes to convert glucose to triose phosphate suggested that adaptation in 
this instance might involve permeability of the cell membrane, This was further sup- 
ported by the observation that glycerol-grown cells would grow on fructose or gluconic 
acid without a demonstrable lag or adaptive period 

In summary: Cell-free extracts of Mycobacterium smegmatis have been shown to possess 
hexokinase, phosphohexoisomerase, glucose-6-phosphate dehydrogenase, 6-phosphoglu 
conic acid dehydrogenase, gluconokinase, and aldolase. The presence of these enzymes is 
taken as evidence that M. smegmatis oxidizes glucose via the hexosemonophosphate 
shunt. Since phosphofructokinase could not be detected in these extracts, the Embden 
Meyerhof pathway may not be operating in this organism 


DerarTMent oF A. Voix" 
or Quentin N. Mynvik 
Universrry or 

CHARLOTTESVILLE, VinGINnta 


October 17, 1955 


” Woop, H. G., ano Leaver, F. W.: Biochim. biophys. Acta, 1953, 12, 207 
" The technical assistance of Miss Lucey Byrd Pegau and Mrs. Margaret Layton is grate 
fully acknowledged 
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THE DECOMPOSITION OF ANTITUBERCULOUS CHEMOTHERAPEUTIC 
COMPOUNDS WITH REFERENCE TO SUSCEPTIBILITY TESTS 


Despite the awareness that certain antituberculous compounds decompose during the 
inspissation process, the writers believe that the possibility of further degradation of 
such unstable compounds during incubation at 37.5° C. has not been adequately appre 
ciated. The experience of this laboratory with amithiozone, in which instance the drug 
underwent an approximately 60 per cent loss during a forty-four-day incubation period 
subsequent to inspissation, prompted similar investigations with respect to streptomycin, 


para-aminosalicylic acid (PAS), isoniazid, and cycloserine. The resulting data are pre 


sented herein, and it is believed that the implications are of significance in the interpreta- 
tion of drug-susceptibility tests 
The methods and materials employed were as follows 


Ten microgram solutions of amithiozone! per ml. at pH 6.50 were analyzed directly 
in distilled water by spectrophotometric observation at 321.5 mu. The method of 
Hendricks and associates? was used on homogenized American Trudeau Society (ATS) 
medium 

One hundred microgram solutions of streptomycin’ per ml. at pH 6.53 were analyzed 
in distilled water by the method of Titus and Fried.* 

One hundred microgram solutions of PAS® per ml. at pH 6.53 were spectrophoto- 
metrically analyzed in distilled water at 264.5 mu and also with Marshall's modification 
of Bratton and Marshall’s* technique for sulfonamides. 

Ten microgram solutions of isoniazid’ per ml. of medium were spectrophotomet 

ically analyzed in distilled water at 263 mu 

Twenty microgram solutions of cycloserine’ per ml. were analyzed directly in 
distilled water by speetrophotometric observation at 222 mu and also by a modified 
Jones*® method, with the further modification that reading was done at 625 mu instead 
of at the stated 645 mu 

Optical densities of the solutions were measured in the Beckman spectrophotometer, 
model DU. Other experimental conditions, such as inspissation, subsequent refrigera 
tion or incubation, duration of experimental observation, and the number of regular 
interval analyses during the course of this observation, are indicated for the particular 
solution in the accompanying table. Solution pH values were in all cases adjusted to 
closely approximate those of the media recommended for drug susceptibility studies 
with the compound under investigation 


The measured losses during inspissation as a percentage change from the initial con 
centration are listed in table | 

Degradation velocity constants under incubation in all cases were found by graph and 
application of formula to follow a first order reaction. Thus, for ease in interpretation, k 


' Manufactured as Tibione by Schenley & Company, Lot #848102 

* Henpnicks, F. D., ef al.: Tr. Ninth Streptomycin Conference, Veterans Administra 
tion, 1950, p. 160 

Streptomycin sulfate, manufactured by Merck & Co., Lot #0380129 

Trrus, E., Friep, J.: J. Biol. Chem., 1948, 174, 57 

* NaPAS-2H), manufactured by American Cyanamid Company, Lot # 11902-70 

* Bratron, A. C., anp Mansnaus, BE. K., J. Biol. Chem., 1939, 128, 537 

’ Manufactured as Rimifon by Hoffman LaRoche, Inc., Lot #8 

* Manufactured by Commercial Solvents Company, Lot #R-1 

* Veterans Administration Pulmonary Protocol, 1A, Pilot Study IX: Cycloserine, 
February 28, 1955, modified from L. R. Jones, Commercial Solvents Corporation 
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TABLE 1 
Srapitiry or Cuemoruerareutics Unper INspissaTion 
In Distilled Water* (85°C., 50 minutes) 


Initial Number | Average 
y per mi | per cent per cont 
Amithiozone* 10 6.75 2 Chemical} 16.8 +1.60 
Streptomycin 100 6.53 2 Chemical 0.0 
PAS 100 6.53 j Physical§ 1.0 +0.91 
PAS 100 6.53 1 Chemical 6.0 +1.80 
Isoniazid 10 6.58 H Chemical 4.8 +0.61 
Cyeloserine 20 7.08 2 Physical 4.6 +0.18 
Cycloserine 20 7.08 2 Chemical 7.8 +1.10 


* In the amithiozone experiment the compound was incorporated in American Trudeau 


Society medium 
analysis was performed in triplicate 
t Chemical denotes spectrophotometric analysis with prior chemical procedures, as 


indicated in the body of the paper 
§ Physical denotes direct spectrophotometric analysis in the ultraviolet without prior 


chemical procedures 


values (degradation per unit time) have been calculated in table 2 as percentage loss of 
compound per day. The number of days required for loss of one-half of the original con- 
centration is listed in the column under “Half-Life.” 

The stability under refrigeration conditions is of interest in reference to either analytical 
standards or media which have been placed in storage for future use 

The extent of loss for any incubation period can be calculated by substitution in the 

formula k «= log rt where k is the velocity constant as recorded in table 2, t equals 
time in days, Co represents the original concentration of the compound being used, and C 
the concentration which remains after the required incubation time 

Other published data indicate that degradation rates may decrease with increase in 
original concentration of the drug. Cummings and associates'® observed this reciprocal 
relationship with cycloserine 

Among the factors complicating the interpretation of drug-susceptibility tests with 
Mycobacterium tuberculosis is the proportion resistant to susceptible bacilli. This includes 
such problems as whether the drug-susceptibility test inoculum comes directly from the 
sputum specimen or from a culture from this specimen; whether the size of the inoculum 
has been standardized; and whether the sputum sample is an accurate reflection of the 
distribution ratio of resistant to susceptible bacilli throughout the host. In addition, and 
more pertinent to the present study, the concentration of the drug and the time allowed 
for growth will affect the number of resistant organisms that manifest themselves on 
culture. The present study has shown that the concentration of the antituberculous 
compound incorporated in media used for drug-susceptibility tests can become signifi- 
cantly reduced during the incubation period. Such was the experience with amithiozone, 


streptomycin, and eycloserine 


M. M., et al.: Antibiot, & Chemother., 1955, 5, 108 
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TABLE 2 
STABILITY OF ANTITUBERCULOUS CHEMOTHERAPEUTICS AT 4°C. AND 37.5°C 
In Distilled Water* 


Initial 
Compound Concen 
tration 


Method of 


H Pre Experimental 
Analysis 


Treatment 


eriment 
empecrature 
Duration of 
Experiment 
Number of Interval 
Average Rate of 
Decomposition 
Standard Deviation 
Half-Life4 


y per per 
contd 


Physicalt 20 +0.01 347. 
Physical 3.70 40.31 18 
Chemical§ 

Chemical 2.45 40.80 28.; 
Chemical 3.42 40.32 20.! 
Chemical 3.25 40.61 21.: 
Physical 7 +0.01 990.0 
Physical 

Isoniazid 006.! Physic: 36 40.08 192. 
Isoniazid 9.526.58 Inspissated 37.5 46 Physics 19 40.04 364. 
Cycloserine 20.007 Physics 07 +0.01 990. 
Cycloserine 20.007 . 08 - 37.5 52 Physic .73 £0.08 94.4 
Chemical 


Amithiozone 10.006 
Amithiozone 10.006 

(Amithiozone* 326.50 Inspissated 
Amithiozone* 326.50 Inspissated 


” 


Streptomycin 006.5 
Streptomycin 006.53 Inspissated 
PAS 006 

PAS 00.006.53 Inspissated 


nor 


Cycloserine 18.407.03 Inspissated 


7 
Cycloserine 18.407.03 Inspissated 37.5 530 7 Chemical A +0.02 128.3 


* In the two indicated amithiozone experiments the compound was incorporated in 
American Trudeau Society medium 

t Kach analysis was performed in triplicate 

t Physical denotes direct spectrophotometric analysis in the ultraviolet without prior 
chemical procedures 

§ Chemical denotes spectrophotometric analysis with prior chemical procedures, as 
indicated in the body of the paper. 


2.503 
* Average rate of decomposition was calculated on basis of the formula, k = log 


=. half-life, on the basis of 0,693/k 
( 


The present study has been concerned with distilled water solutions of these drugs, 
with the exception of amithiozone. The next logical step would be to assay the compound 
in culture media by chemical and microbiologic techniques. Nevertheless, evidence does 
exist that chemical concentration and antibacterial potency or activity in media can, at 
least in a general fashion, be predicted from results obtained from distilled water solutions 
In the case of amithiozone, the decomposition rate in American Trudeau Society medium 
paralleled that in water 

While it has been found by Regna and associates" and in this laboratory that strepto 
mycin decomposes in water solutions, Henry and associates"? observed it to decrease in 
activity (biologic assay) in several bacteriologic culture media as well as in human serum 


' Reena, P. P., et al.: J. Biol. Chem., 1946, 166, 631. 
'? Henny, R. J., ef al.: J. Pharmacol. & Exper. Therap., 1947, 90, 42 
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and human plasma. Drummond and co-workers" also discovered that a chemical loss of 
streptomycir: is accompanied by a similar loss in biologic activity with inspissation in 
Ljwenstein medium. These observations are in disagreement with those of the present 
study in which no loss of streptomycin could be detected in a water solution subjected to 


inspissation. Moreover, Pyle observed no appreciable diminution in the potency of 
streptomycin over a seven-week period, nor did Waksman and Schatz'® observe any 


decrease in the activity of crude solutions during fifteen to seventeen days at 37° C 
However, Fielding’s'* report of late seanty growths on streptomycin-containing medium 
from pretreatment strains provides strong indication of drug loss and tends to support 
the contention that drug degradation can permit the growth of the remaining drug 
susceptible microorganisms 

In the case of cycloserine, Cummings and associates'® observed a progressive drop in 
concentration of the drug, as determined by chemical assay, in a synthetic liquid medium 
over a fifteen-day period. 

Although isoniazid has been generally considered to be relatively stable, it is susceptible 
to degradation when exposed to heat or on incubation at 37° C. in the presence of trace 
amounts of free cations like cupric and manganous jons."’ 

Thus, an investigator who is unaware of the extent of losses in the media may report 
misleading values for drug-resistance concentrations. In view of the above, it is con 
cluded that drug-susceptibility tests, especially on thermolabile compounds, may con 
tribute some information but cannot be considered as the only basis of decision as to 
further treatment with the chemotherapeutic in question 


Mepicat Researcn LAporaTory J. Roserts Harrower 
VerTeraNns ApMINISTRATION HosprraL Harris J. Mark 
Livenmone, CALIFORNIA Watrer B. Brown 
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IRREGULAR DISCHARGE 


To the Editor of The American Review of Tuberculosis and Pulmonary Diseases: 


My source of factual information on this subject is the admirable pamphlet produced 
by the Veterans Administration in October, 1948. In its Appendix “D” are listed 68 hos- 
pitals with their annual turnover of patients and their annual irregular discharge rate 

If we group these hospitals by their apparent size (judging from their annual turn 
overs) we find the following: 

(a) Twenty-one hospitals with turnover < 80 have average irregular discharge rate of 14 
per cent 

(b) Forty-seven hospitals with turnover of 80-700 have average irregular discharge rate of 
36 per cent 

(c) Nine hospitals with turnover of SO-110 have average irregular discharge rate of 28 
per cent 

Both of the two latter percentages exceed 14 per cent with astronomical significance, 
and demonstrate in addition that the turnover figure of SO is pretty close to the “critical 
value.” When you once get above 80, further increases don’t matter much 

Other things being equal, why should smaller establishments show better records than 
the larger ones? What have they got which the bigger hospitals lack ? 

The answer, Sir, surely is Fewer Fellow Patients 

Now after a really good dinner we can kid ourselves that we love 9S per cent of our 
neighbors; but even then there remains the obstinate 2 per cent, whom we are dismayed 
to find we cannot tolerate (Day’s Law). They are like the mosquitoes at the outdoor 
“steak broil.” If we are at a smallish “steak broil” and get stung by a mosquito, we can 
take it as all part of the fun; but put us in at a party ten times as large and let us be 
stung by ten, nine, or even four mosquitoes, and we reach for our hats and make our 
excuses to our hostess. If, moreover, there is a polite fiction that mosquitoes don’t exist, 
a psychiatrically-minded hostess will be a bit misled by her analysis of our excuses 

For “mosquitoes” read “psychopaths,” Le., anyone who irritates us, and you can see 
what may happen in large sanatoria. Psychopaths, you must also bear in mind, have the 
bulge on mosquitoes in that they can, and do, combine forces, and their power to irritate 
rises exponentially with their raw numbers. A gang of ten can obviously develop more 
than ten times the nuisance-value that might lie in the gift of any one individual 

Another minor point: We don’t feel the same compunetion about slinking away from a 
large impersonal football crowd as we do from a drawing-room piano recital, where we 
may constitute as much as ten per cent of the audience and our defection would make us 
conspicuous 

This isn’t psychiatry. It’s ordinary common sense, so I doubt if anyone will pay any 
attention to it 

Yours sincerely, 
SANATORIUM Day 
MUNDESLEY 
NorFOLK, ENGLAND 
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50S CORRESPONDENCE 


CONCERNING THE LOCALIZATION OF POST-PRIMARY PULMONARY TUBERCULOSIS 


APICAL 


EXPLAINED BY THE SPECIFIC GRAVITY OF TUBERCULOUS MATERIAL 


To the Editor of The American Review of Tuberculosis and Pulmonary Diseases: 


While primary pulmonary tuberculosis caused by inhalation of tubercle bacilli shows 
a tendency to be localized to the lower or caudal two-thirds of the lungs, the conditions 
are otherwise concerning post-primary pulmonary tuberculosis which in adults of the 
white race commences, as a rule, in the apical segments of the lungs.':* The generally 
accepted opinion is that post-primary pulmonary tuberculosis develops hematogenously. 

In his comprehensive monograph in 1951 on the pathogenesis of tuberculosis, Rich 
writes concerning the apical localization of post-primary pulmonary tuberculosis in man, 
“It is certainly not possible at present to explain satisfactorily the apical localization of 
the disease in adults,” and further, “The present unsatisfactory state of this interesting 
and important question is evident.”’ 

Smith and his co-workers** have since dealt with the problem. They mention sixteen 
previous hypotheses and propound a seventeenth theory, “The Stream Flow Theory,” 
according to which the blood is only mixed incompletely in the right side of the heart and 
passes through in layers so that blood from the superior vena cava mainly reaches the 
upper lobes of the lungs while blood from the inferior vena cava is conducted mainly to 
the caudal segments of the lungs. As it is presumed that infectious material from tubercu- 
lous lymphatic nodes is conducted via lymph channels and the thoracic duct to the supe- 
rior vena cava, this theory may explain the apical localization of post-primary pulmonary 
tuberculosis in man 

The observation that thrombotic infarcts most frequently occur in the basal lobes of 
the lungs is explained by Smith and his co-workers by the fact that the thrombi originate 
mainly from the area of drainage of the inferior vena cava. 

The apical localization of post-primary pulmonary tuberculosis in man constitutes, 
however, only part of a more comprehensive problem, viz., the localization of post-primary 
tuberculosis in the organs in man and animals. The disease attacks electively the upper 
part of the kidneys in man, and the problem of the basal localization of tuberculous lepto- 
meningitis is still unsolved.* 

Rothlin and Undritz’* have observed in man and demonstrated in experimental ani- 
mals that tuberculosis occurring after the development of allergy becomes localized 
particularly to the spatially uppermost parts of the organs. In pulmonary tuberculosis 
in man this becomes the cranial segments; in the rabbit, the dorso-caudal segments; and 
in the bat, on account of its peculiar resting position, the caudal segments are predomi- 
nantly attacked 
The authors find a corresponding localization in regard to the kidneys and also in 


Matmros, H., anp E.: Studien fiber die Entstehung und Entwicklung der 
Lungentuberkulose, Johann Ambrosius Barth, Leipzig, 1938 

* Rion, A. R.: The Pathogenesis of Tuberculosis, Charles C Thomas, Springtield, Illinois, 
1051. 

*Sarvn, D. T., et al.: Am. Rev. Tubere., 1954, 70, 547. 

*‘ Anwanatuy, R.8., ef al.: Am. Rev. Tubere., 1954, 70, 557. 

* Bonpurant, 8., anv Sarva, D. T.: Am. Rev. Tubere. 1954, 70, 570. 

* Hursscumann, P.: Pathologische Anatomie der Tuberkulose, Julius Springer, Berlin, 
1028. 

E., Unparrz, E.: Verhandl. d. Schweiz. Naturforsch. Gesellachaft, 1944 
124, 160 
* E., ano Unpurrz, E.: Zeitachr. f. Allg. Path. u. Bakt., 1952, 145, 600 
*Rornun, E., anp Unparrz, E.: Bull. schweiz. Akad. d. med. Wissensch., 1954, /0, 199. 
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tuberculous meningitis when it is borne in mind that the individual concerned rapidly 
becomes confined to bed with neck rigidity whereupon the base of the brain assumes a 
position spatially higher than the convexities 

The experiments by Medlar and Sasano on rabbits’? and Medlar’s investigations on 
pulmonary tuberculosis in cattle" are also in agreement with the recorded rule of locali 
zation 

Although it has long been known that the tuberele bacillus, tuberculous pus, and par 
ticularly the peripheral zone of caseous lymph node tubercles are very rich in lipoids," 
no previous theory has connected this with the localization of post-primary tuberculosis 


By adding drops of tuberculous pus from a pleural empyema and a lumbar abscess!* to 
solutions of copper sulphate and to mixtures of benzol and chloroform of known spe 
cific gravity, I was able to demonstrate that the specific gravity of the tuberculous pus 
was between 1.010 and 1.015, ie., less than the specific gravity of serum which lies be 
tween 1.025 and 1.030. In agreement with this observation, the tuberculous pus rose to 
the surface when added to a vessel containing serum 

Staphylococeal pus from a carbuncle showed a specific gravity which was greater than 
1.030 and the specific gravity of various fragments of a thrombus! from a case of embolism 
in the pulmonary artery was more than 1.035. In accordance with these observations the 
materials mentioned sank in serum 

On account of its buoyancy, tuberculous pus in the larger vessels must be supposed 
to remain in the spatially highest part of the wall of the vessel in which it is condueted 
by the blood stream 

The state of affairs may be roughly compared with small wax balls passing through 
glass tubes through which water is conducted. It was easy for me to observe that the 
particles congregated at the spatially uppermost part of the wall of the tube. The smaller 
the wax balls were, the more slowly did they move through the tube, an observation which 
is in agreement with the fact that the rate of flow is greatest in the centra! part of the tube 
When the tube branches, as do the pulmonary arteries, the particles of wax pass through 
the uppermost branch 

Particles with a specific gravity greater than water congregate at the lower part of the 
wall of the tube and pass through the lowest branch of the tube. Slight irregularities in 
the glass tube stop the progress of the smallest particles 

The size also plays a part mn the speed with which a particle rises or sinks in a fluid 

If the circulatory system be again considered, it appears probable that the trabeculae 
and pouches in the inner wall of the heart may obstruct the transport by the blood of 
particles congregated along the walls. Light particles will, when forced through the pul 
monary artery and its branches, on account of their buoyancy, continually force them 


selves upwards in the arterial system of the lungs and come to rest in the spatially upper 
most part in man, the apices; in rabbits and cattle, the dorso-caudal part of the lungs; 


and in the bat, the caudal pulmonary lobes 


Mepiar, bk. M., Sasano, K. T.: Am. Rev. Tubere., 1996, 34, 456 
Meptar, bk. M.: Am. Rev. Tubere., 1940, 283 
*Catoweu., G. T.: J. Infeet. Dis., 1919, 24, 81 
'Weiws, H.G., ef al.: The Chemistry of Tuberculosis, Williams and Wilkins Company, 
Baltimore, 1923 
The writer expresses his gratitude to Dr. Hans Thomsen, Physician in Charge, The 
National Association's Hospital for Surgieal Tuberculosis in Juelsminde, for specimen 
supplied 
* The writer ix indebted to Dr. Tage Lund, Pathologist, The Pathological Institute 
The Municipal Hospital, Aarhus, who kindly supplied the thrombus mentioned 
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Corresponding conditions may also play a role in the kidneys and other organs when 
caseous material containing bacilli is discharged into the blood stream 

The number, size, and bacillary content of the particles also play a part in the distribu 
tion and development of the lesions in the organs. Other things being equal, the tissue 
changes are proportional with the number of bacilli supplied 

The theory outlined above, based upon the specific gravity of embolic material spread 
by vascular channels, explains the localization of post-primary tuberculosis and is in good 
agreement with the results of the experiments performed by Smith and his co-workers by 
intravenous injection of Lycopodium and tuberculous pus into rabbits in various posi 
tions 

The spores of Lycopodium have a high lipoid content which implies that they tend to 
float upwards in the pulmonary vascular system on account of their buoyancy. The 
spatial relations of the great pulmonary vessels to one another during the various posi 
tions of the rabbit and the period during which the animal is held in an abnormal position 
in connection with the injections are also instrumental in determining in which lobes of 
the lungs the infarets occur. In this connection it must be mentioned that the rabbit will 
naturally attempt to resume the normal position as rapidly as possible 

When particles of red lead are concerned, they are conducted by the blood stream to 
the spatially lowest part of the lungs, a fact whieh Rothlin and Undritz were able to dem 
onstrate by X-ray records inter alia. It appears reasonable to assume that the high spe 
cifie gravity is responsible for this phenomenon 

Similar conditions probably play a part when thrombotic particles are conducted by 
the blood stream 

The problem concerning the localization of pulmonary tuberculosis of hematogeni 
origin in infants and Negroes may also be simply solved. In this connection, Rich writes 
when comparing with white adults, “There is no more puzzling circumstance in the 
pathogenesis of pulmonary tuberculosis, nor one that has excited more interest and specu 
lation, than the peculiar fact that in the adult the disease begins almost invariably in the 


upper portion of the upper lobe, whereas in the child it tends to oceur indiscriminately in 


any part of the lung.”’ 

Infants constantly adopt a recumbent position and move in the horizontal plane, 
whereupon pulmonary processes of hematogenous origin, in accordance with the rule of 
localization and the new theory, do not show any particular localization to the apices but 
oceur equally frequently in all parts of the lungs 

The observation that pulmonary tuberculosis in the Negro frequently assumes a form 
very reminiscent of the conditions in the infant may be explained by the fact that, aecord 
ing to Rich, the disease in the Negro assumes, as a rule, a strikingly acute character. It is 
consequently natural that the Negro becomes bedridden earlier than do individuals of the 
white race and thereafter the situation is identical with that in the infant 

Yours sincerely, 
Turn NationaL AssocratTion ror THE CAMPAIGN AGAINST Curr k. Tarnowskt 

TUBERCULOSIS 
SILKERORG SANATORIUM, DENMARK 


December 1, 1955 
MODIFIED MICROCOLONIAL TheT FOR VIRULENT MYCOBACTERIA 


To the Editor of The Amerwan Revieu of Tuberculosis and Pulmonary Diseases 


In previous publications (Wayne, L. G.: J. Baet., 1955, 69, 92; Krasnow, L., ef al: Am 


Rev. Tubere., 1955, 7/7, 361), we described a microcolonial test for virulent mycobacteria 
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employing a neutral red differential staining technique for colonies grown on molecular 
filter membranes or filter paper strips. Since that time we have gained more expenence 
with this technique and wish to recommend the use of a modified test based on the best 
features of the molecular filter and of the filter paper methods 

Molecular filter membranes are cut into 5 mm. by 10 mim. strips, autor laved at 10 


pounds pressure for ten munutes, and placed on the surface of tubed Liwenstein- Jensen 


medium. in the manner formerly employed with filter paper, Sterilization at higher tem 
peratures or for longer times makes the strips crumble easily. The strips are inoculated by 
loop or Pasteur pipette and incubated for ten days. The tubes should be capped tightly to 
prevent drying 

The strips are then removed with sterile foreeps and stained in the manner previously 
described for the molecular filter method 

This modification has the advantage of the simplicity formerly obtained with the paper 
strip method. Two disadvantages of the paper technique are eliminated by the substitu 
tion of molecular filter strips. First, the molecular filter membrane has a homogeneous 
texture resulting in a uniform background for the examination of mur rocolonies, whereas 
the coarse paper fibers are often confusing. Second, there may be a tendency for normall) 
non-corded mycobacteria to grow along paper fibers, resulting in a false impression of cord 
ing. The molecular filter material, having no fibers. cannot introduce this source of errot 

It has also come to our attention that our directions for the preparation of the NR-6 
stain have been subject to misinterpretation, due to an unfortunately ambiguous choiwe 
of words in our original descriptions. The statement, “NRG: a saturated solution of 
neutral red in 95 per cent ethanol, filtered and acidified with | per cent (v/v) of concen 
trated hydrochloric acid” was intended to convey the idea that | ml. of concentrated 
(12N) hydrochloric acid was added to 99 mil. of the aleoholie dye solution 

Sincerely, 

Research LaBorarory Lawrence G. Waynt 
Vererans ApMINisTRATION HosprraL 
SAN FReRNANDO, CALIFORNIA 


December 7, 1955 


CHROMOGENIC ACID-FAST BACILIA FROM Ht MAN SOURCES 
To the Editor of The American Review of Tuberculosis and Pulmonary Diseases 


In correspondence which recently appeared in the Review, Middlebrook and asso 
ciates' raised several questions regarding a report we had published? dealing with the ow 
vitro susceptibility of a number of chromogenic a id-fast bacilli to several antimicrobial 
agents. We had demonstrated that under the conditions of the experiment all of the strains 
were insensitive to isoniazid in concentrations as high as 1007 per ml. of medium, Mid 
dlebrook and his co-workers suggested that the strains we had studied are not pathogens 
mveobacteria of the “yellow bacillus” type described by Buller and Pollack, and Timpe 
and Runyon. or of those which they had investigated. They pointed out that we had 
assumed some of our strains to be agents of disease in the patients from whom they were 
derived, and similar to, or identical with, the “yellow bacilh described by Buller and 


Pollack. They also stated it would seem unwise to cone lude that the chromogenic “yellow 
G., ef al.: Am. Rev Tubere., 1055, 72, 05 

Tarsus, M.8., ef al.: Am. Rev Tuber 1955, 77, 119 

Bencer. V. B., anp A.: Am. J. Clin. Path 

Timer. A., Runyon, BE. J. Lab. & Chin Med., 1954, 44, 
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bacilli” are highly resistant to isoniazid, and that three of their patients infected with such 
organisms, and treated with isoniazid and pyridoxine, responded both clinically and bac 
teriologically. Since their review of our work is based on several points of misunderstand 
ing, we think the matter should be clarified 

First, we did not intend to imply that any of the chromogens we had investigated? * 
were pathogenic for man, particularly since case histories were either not available or were 
vague and incomplete. On the other hand, several of the physicians who sent us their 
strains for study felt strongly that they were probably the cause of disease in their patients, 
since these were the only acid-fast bacilli which could be isolated and were consistently the 
only or the predominant bacteria obtained on repeated culture. It was interesting, and 
suggestive, that these organisms were isolated from patients with, or suspected of having, 
tuberculosis. It was interesting, too, that some of the organisms caused not only disease 
but also death in the guinea pig, mouse, and rabbit, although it required much larger 
inocula of such organisms than was necessary with virulent mycobacteria to produce 
disease and death in the same animals. When similar amounts of known saprophytic 
mycobacteria (M. butyricum, M. phlei, and M. smegmatis) were inoculated into these 
animals under identical conditions, neither disease nor death could be produced. How 
ever, this does not preclude the possibility that the same, or other, saprophytic strains 
can produce disease in animals under different conditions. For example, Schwabacher* 
showed that rabbits may be killed by intravenous inoculation of 10 mg. of either living 
or heat-killed saprophytic acid-fast bacilli and that guinea pigs given intraperitoneal 
injections of these organisms mixed with butter or mineral oil may show extensive lesions 
which closely simulate those of tuberculosis, This observation has been made by others.’: * 
On the basis of our investigations and after comparison of the strains which we studied 
with those of others, we concluded that under certain conditions some of the organisms 
might well be the cause of disease in man 

We would also like to call attention to the fact that differentiation of mycobacteria 
from the standpoint of pathogenicity is often extremely difficult. This is due to the neces 
sity of qualifying the term “virulence” on the basis of strain characteristics, infective dose, 
route of inoculation, nutritional state of the animal, species’ susceptibility or resistance, 
the time interval between infection and necropsy, and all other factors which must be con 
sidered, While animal testing is one of the most reliable methods available for evaluating 
the pathogenic potentialities of tubercle bacilli and other mycobacteria, it must not be 
forgotten that pathogenicity for the animal may be different from that for man. It is, 
therefore, important to understand the limitations of the animal virulence test as well as 
the influences which operate to produce variations from the typical characteristics of the 
mycobacteria 

Second, we re-examined our statement, “Although the problem of the pathogenic 
potential of atypical mycobacteria is controversial, there is evidence that some of these 
strains can produce disease in man."’ We realize the wording is not clear. We were referring 
here to the chromogens in general and not to the strains investigated by us. However, we 
recognize now how the reader could conclude that we assumed some of our strains were 
similar or identical with the “yellow strains” of mycobacteria described by Buhler and 
Pollack. In fact, all ten strains which we studied were not yellow at all, but intensely 


* Tansnis, M.8., anv Farsen, A. W.: Am, Rev. Tubere., 1052, 65, 278; 280; 302 
* Souwanacnen, H.: Medical Research Council: Special Report Series, No. 182, London 
Hix Majesty's Stationery Office, 1933 
Ramnowrrsen, L.: Ztsehr. f. Hyg. u. Infektionskr., 1807, 26, 00 
* Hagan, W. A., ano Levine, P.: J. Am. Vet. M. A., 1982, 81, 723 
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orange. These had been subcultured at least 200 times on various egg media and in 
Tween albumin liquid medium. Several strains were lemon yellow when first isolated, 
but turned orange on subculture. This could well account for signiheant alterations in 
their original characteristics. Although histories of the organisms were given in & previous 
study.® these additional details should have been made clear in our last report It should 
also be pointed out that virulent chromogens are not necessarily “yellow” in type. There 
are a number of reports® concerning the pathogenicity of atypical mycobacteria both in 
animals and in man with strains exhibiting other pigmentation, such as white, pink, 
orange, and brick red 

Third, we wish to emphasize that our susceptibility tests were performed under a 
different set of conditions than those employed by Middlebrook and associates 

Fourth. it is noteworthy that all of the “yellow type” chromogenic bacilli studied by 
Middlebrook and his associates were susceptible to isoniazid im vitro at concentrations 
between 0.5 and 1.0 per ml. It would be valuable to test a greater number of such strains 
to see if similar results would be obtained. Perhaps the isoniazid susceptibility test may 


prove to be a helpful tool in distinguishing between some of the pathogenic and nonpatho 


genic chromogens. But in view of the limitations of the in vitro susceptibility test,’ it is 
not likely to prove so simple. However, it might be worth while to investigate this aspect 
The whole matter of the status of atypical mycobacteria is fraught with many difficulties 
Far more work needs to be done to elucidate the many unsolved problems in this field of 
investigation 

We appreciate the interest shown by Middlebrook and his associates in our report and 
for calling attention to this matter 

Sincerely yours 

DePARTMENT OF BACTERIOLOGY Mavunicr Tanstts 
OF CALIFORNIA 
BerkeLey 4, CALIFORNIA 


December 7, 1955 


VITAMIN A METABOLISM IN TUBERCULOUS PATIENTS 
To the Editor of The American Review of Tuberculosis and Pulmonary Diseases 


Since the publication of our paper, “A Physiologie and Clini al Study of Failures in 
Vitamin A Metabolism in Tuberculous Patients” (Am. Rev. Tubere., 1955, 72, 218), we 
have had several inquiries requesting data for a synthetic vitamin A versus natural 
vitamin A controversy. We feel this misinterpretation of our data warrants clarification 
by us 

Neither natural vitamin A nor synthetic vitamin A seems to be the tuberculosis healing 
factor, as our previous publication in the Proceedings of the Society for Expervme nial Bi 
ology and Medicine (1938, 38, 543) entitled, “Cod Liver Oil Therapy in Experimental 
Tuberculosis” pointed out. An oil with a high vitamin A content (halibut liver oil), an 
oil with a high vitamin A and D content (tuna liver oil), and a low potency cod liver oil 
were used. and only the cod liver oil showed the healing action Later, a molecular dis 
tilled vitamin A (from cod liver oil) and an oil rich in vitamin A» (burbot liver oil) were 
used and both failed to demonstrate the healing action These last two observations were 
not published previously but are mentioned now as they may help to clarify the situation 

The tuberculosis healing factor in cod liver oil can be concentrated by saponifying the 


Tarsus, M.S., anp Frisen, A. W.: Am. J. Clin, Path., 1951 1,720 
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oil. The factor is found in the nonsaponifiable residue (NSR) along with vitamins A and 


LD), sterols, hydrocarbons, and other unknown substances. Further chemical and animal 
studies are in progress, attempting to isolate and identify the active material. Our pre- 
vious clinieal study reported in the Revrew (1951, 65, 381) entitled, “A Study of the 
Relation of Nutrition to the Development of Tuberculosis,” as well as the paper under 
discussion, would indicate that the healing substance is closely associated with vitamin A. 


Sincerely yours, 


Tue CHartes Cook Hasrinas Home Horace R. Gerz 


3800 N. Lincotn Avenvy 
ALTADENA, CALIFORNIA 


January 18, 1956 
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Morsipiry iN THE Municipat Hosprrats or THe Crry or New York. By Marta 
Fraenkel and Carl L. Erhardt. Pp. 229, Russel Sage Foundation, New York, New York, 
1955, Price, $4.50. 


This is a statistician’s book with tables providing the meat, and the commentary supply 
ing an exposition of method but only a meager interpretation of the data. In this way 
a wealth of information has been packed into a small compass, a book of only 165 pages 
without the appendices 

The authors have endeavored to show the value of reporting morbidity data from 
the municipal hospitals in New York City, and have advanced the thesis that reporting 
of such information by all hospitals would aid in understanding the prevalence of ill- 
ness. This would allow for more intelligent planning of facilities for medical care 

In the present study, a cross section of the population cared for in the municipal 
hospitals during a six-month period is presented. The authors rightly point out that the 
real value of hospital morbidity reporting lies in a constant reporting system which pro- 
vides information on which future planning decisions may be soundly based. Neverthe 
less, the pilot study carried out by Dr. Fraenkel and Mr. Erhardt has tested methods of 
obtaining data and has proved the feasibility of such reporting. Also, the information 
developed by the study gives significant insights into the problems of medical care for 
the medically indigent in New York City. For example, the authors point out that ‘the 
fact that 612 aged persons with fracture of the femur had to be cared for in the municipal 
hospitals within the comparatively short period of six months, indicates that extension 
of safety measures is an important field for geriatrics.” 

The chapter on tuberculosis is of particular interest because it has bearing on the 
changing pattern of hospital care for this disease. Figures show the death rate dropping 


year by year, with the greatest rapidity since 1950. In addition, the emphasis in insti 
tutional care has shifted from out-of-town sanatorium care to hospitalization within 
the city. 

Figures for length of stay of tuberculous patients are of considerable significance for 
hospital-care planning. The authors found a wide range in lengths of stay, from 15 per 
cent who stayed less than two weeks to 43 per cent who stayed more than three months 
As many as 620 patients stayed more than a year. Patients leaving the hospital against 


medical advice accounted for most of the short stays. 

Deaths were found to account for very few of the discharges among the young and 
middle-aged patients, but the proportion increased with age. Nearly one-quarter of the 
patients 65-years-old and more died in the hospital 

Other useful information was obtained for chronic illness in general, and the authors 
were led to recommend strongly the establishment of a regular morbidity reporting 
system for all the hospitals in New York City. Since this would be a complex under 
taking, they suggest starting with the municipal hospitals and gradually extending it to 
the others. 

Dr. Fraenkel and Mr. Erhardt have made a notable contribution to a science of medi 
cal-care planning through their book. The day would almost seem in sight when the 
needs of the populace for medical care could be accurately anticipated and, because of 
this advance notice, met with maximum effectiveness, 

Gronce Reaper 
New York, New York 
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Putmonany Resection von Tusercuiosis. By Poul Ottosen. Pp. 166, Universitets 
forlaget I Aarhus, Aarhus, Denmark, 1955, Price, $3.00 


The monograph is a compilation by the author of his experience as resident on the surgical 
staff of the Missouri State Sanatorium from 1950 to 1952 and, subsequent to that, his 
experience in his native Denmark. This work is divided into sections discussing the 
general survey of patients, bacteriologic status, means of diagnosis, and classification of 
lesions 
The surgical indications of both the American and Denmark series are set forth. 
Anesthesia, surgical technique, and, particularly, indications for pneumonectomy, 
lobectomy, and segmental resection are discussed 
The type and number of complications are discussed and are related to the type of 
extirpative surgery 
The monograph is 166 pages long, is paper bound, and has a good bibliography. 
The roentgenograms, although seemingly well selected, do not reproduce well 
DINEEN 
New York, New York 


Practica, Mepicat Mycovoey. By Edmund L. Keeney. Pp. 145, Charles C Thomas, 
Springfield, Illinois, 1955, Price, $3.75 


This lecture series monograph covers the field well in a simple and practical manner. 
The chapters are arranged according to the etiologic agent, which is a help in so diverse 
a field. The illustrations are rather diagrammatic, and the nuances of culture reading 
are lost as a result. The internal medicine aspects of mycology are well covered, especially 
the pulmonary aspect. Perhaps the author is unduly impressed with the pathogenicity of 
Geotrichum and Aspergillus as superficial invaders of the skin, but he should be applauded 


for rejecting the all too frequent post hoc causative reasoning where C. albicans is con- 
cerned 
There is a chapter on spores of saprophytic fungi as allergens. The book is most valu- 
able as a general survey of the field. For finer points of mycology more comprehensive 
volumes should be consulted 
J. W. Dovcuerty 


New York, New York 


BOOKS RECEIVED 


Tue Dianeric’s Cooxsnoox. By Clarice B. Strachan. Pp. 304. The Medical Arts Pub- 
lishing Foundation, Houston, Texas, 1955, $6.50. 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


Acceptable Standards in the Treatment of Tuberculosis 


A Joint Statement of the Committees on Therapy and on Administrative Problems 


This statement represents the joint and considered opinion of the American Trudeau 
Society Committees on Therapy and on Administrative Problems 
In recent years the discussion of hospital and home care of patients with tuberculosis 
has tended to cloud certain concepts which need re-emphasis 
Tuberculosis remains a chronic, infectious disease. It requires long and continuous 
treatment. The physician should be assured of the cooperation of the patient and family 
This is necessary to be sure that the treatment and other recommendations made will be 
followed in compliance with good clinical and preventive medical practices and the regu 
lations of the local Boards of Health 
Good medical practice requires the maximum facilities for clinical evaluation of a case, 
which, in most instances, can be done best in the hospital where appropriate treatment 
can be started. Preferably it should be continued until the patient’s condition is satistas 
torily stabilized. Now with more effective treatment methods, it may be reasonable to 
modify the period of hospitalization for certain selected cases. The treatment of tubercu 
losis remains difficult and the results in individual cases are frequently unpredictable 
When home care is used, it must be carefully coordinated with hospital care, particularly 
during treatment of the active stages 
To secure the best results, certain standards must be met 
(1) Medical care. The patient should be under the continuous supervision of a 
well-trained physician or group of physicians, who thoroughly understand the care 
management, and treatment of tuberculosis. As most cases will involve both hospital 
and home care, there must be maximum coordination of inpatient and outpatient 
services and careful cooperation with the private physician in the approach to this 
treatment 
(2) Diagnosis. Facilities must be available for the diagnosis and subsequent man 
agement of all patients. These would include readily available roentgenographi 
examinations with facilities for special examinations, such as stereoscopic films, 
planigraphy, fluoroscopy, and other needed measures Provisions must be made for 
clinical laboratory examinations, biopsy, bronchoscopy, and other necessary tests 
so frequently required to make a correct diagnosis 
(3) Isolation. Tuberculosis remains « communicable disease and this fact needs to 
be kept continuously in mind. Facilities must be available for the isolation of the 
patient to protect the members of his family and the public. It must be remembered 
that sputum often does not become negative for M. tuberculosis during the first sey 
eral months of treatment and too frequently fails to convert in advanced cases even 
under the best therapy 
(4) Nursing. Rest and nursing care must be assured for the patient Provisions for 
rest must include both physical relaxation and psychological rest with all that this 
implies. Nursing care includes not only the phy sical aid given by the nurse to the pa 
tient, but also the assistance to the physician in the education of the patient con 
cerning his disease and the necessity for treatment 
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(6) Nutrition. A well-balanced diet is a necessity. Assistance in the selection and 
preparation of this diet will be needed, particularly in the early months of therapy. 

(6) Drug therapy. Antimicrobial therapy must be available for long-term, continu- 
ous treatment in accordance with accepted regimens. The drug regimen should be 
determined on medical factors alone, and should not be influenced by the convenience 
of the patient, physician, or nurse. Once started, antimicrobial treatment should be 


continued without interruption as long as medically indicated 

(7) Sputum examinations. Laboratory facilities must be available to provide 
periodic examinations of sputum or gastric contents at regular intervals. This will 
vary from frequent examinations at the start of treatment to at least bi-monthly 
examinations after several months. Studies must include cultures at regular inter- 
vals, especially when smears are negative for M. tuberculosis. Cultures of positive 


sputum are necessary for diagnostic identification, viability, and drug-susceptibility 
tests. It is advisable to include the studies of the bacilli for drug susceptibility, and 
the results should be evaluated in conjunction with clinical data. Alterations in 
therapy should not be made hastily on the basis of these results alone. Other labora- 


tory studies to detect early evidences of drug resistance should be made. 


(8) Surgery. Surgical consultations should be held early and often, in view of the 


large number of patients who require surgery. There must be access without delay 


to hospitals well equipped for thoracic surgery. 


(9) Adjunct services. All auxiliary services such as recreation, occupational therapy, 
education, medical social service, and rehabilitation should be available from the 


beginning of the treatment period 
(10) Follow-up. Long-term clinical, radiographic, and bacteriologic follow-up is 
essential after the patient returns to community life and should be available in order 


to detect a possible relapse 
(11) Patient education. It is essential for the patient to understand his disease for 
successful and permanent recovery. Patient education by the physician, assisted by 
the nurse and others, thus becomes of major importance in treatment 
The patient with tuberculosis needs all of the above-mentioned services during various 
periods of his disease and treatment. Neither home care nor hospital care that fails to 


provide these services can be considered adequate at this time. It has not yet been proved 
that even the less destructive forms of tuberculosis can be treated adequately without 


these aids, although many studies are now in progress 

Most patients would benefit and could be assured of better success if treatment were 
initiated and continued in a hospital for as long as indicated before being continued in the 
home. It seems obvious that these necessary facilities and services can best be provided 
in a hospital during the active stages of the disease. During subsequent phases, these 
services should be made available to the patient at home 


J. Burns Feux A. Huocues, Jr 
Wituiam R. Barenay Cart 
% Paut T. CHarpMan Rosert L. Yreacer 
Raymonp F. Corr Morris C. Tuomas, Chairman, Committee 


on Therapy 


Hensenr R. Eowanps Ricnarp NAUEN 

8. Haren Crpric Norruror 

Hiteerr Mark Sumner 8. Conen, Chairman, Committer 
on Administrative Problems 
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“One pictureis worth 1,000 words..." 


Coles slides can help you present your cases 
vividly, accurately —and objectively. They hold 
attention, aid explanation ! 

With the new Kodaslide Signet 500 Projector, 
you have the ideal instrument to show each 
slide at its best—brilliant and sharp from edge 
to edge. The “500” provides fine optics, power- 
ful illumination and smooth, eftortless, auto- 
matic slide changing 

Price, with 5-inch //2.8 lens, $89.50; with 
{73.5 lens, $82.50. 

For further information see your Kodak 
photographic dealer or write for literature. 


Prices include Federal Tax where appluable and 
are subject to change without notice 


Easy with the 


Kodaslide Signet 


500 Projector 


with Automatic Changer 


EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N.Y. 


Serving medical progress 
through Photography and Radiography 


Tow Case aftr Cube. 
| Kodak 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


Forty-first Session 
TRUDEAU SCHOOL OF TUBERCULOSIS 


AT SARANAC LAKE, N. Y. 


In June, 1956 
Four Weeks, Course Beginning 


JUNE 4TH 


Schedule of Instruction includes the history, etiology and epidemiology ; 
pathology, bacteriology, physiology and biochemistry; clinics and 
bedside teaching, including surgical and special treatments of tu- 
berculosis; fungus infections; pneumoconioses; pulmonary tumors, 
and differential diagnosis of other lung disorders. 

Clinical Facilities Available: Ray Brook State Tuberculosis Hospital, 
Will Rogers Memorial, Sanatorium Gabriels, V. A. Hospital at Sun- 
mount, N. Y., and the General Hospital of Saranac Lake (chiefly 
surgical). 

Research Facilities Available: Saranac Laboratory; Trudeau Labora- 
tory; Ray Brook State Hospital Laboratory, and the X-Ray Lab- 
oratories of the Ray Brook State Tuberculosis Hospital and the 
V. A. Hospital at Sunmount. 

Lectures, Demonstrations and Conferences conducted by the Staffs and 
other experienced clinicians. By invitation, recognized authorities 
will give lectures on specific subjects. 

Students Participate Actively in the study and discussion of cases. 

Fee for Four Weeks’ Course is $100.00. The Trudeau School has been 
approved for training under Public Laws, and those desiring such 
an arrangement should clear their registration with the Veterans 
Administration before the session opens. The class is limited, there- 
fore early application is advised. A few scholarships are available. 

Certificate: A certificate of attendance is awarded to all students who 
complete the course. 

Note; Since 1939 the Trudeau School has been supported by grants 

from the Lillia Babbitt Hyde Foundation, of which Mr. Charles C. 

Harris is President. 


For Schedule and other information write to 


Scnoo., Box 551, Saranac Lake, N. Y. 


Secretary, TRUDEA 
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A most satisfying experience to a 
doctor is to provide the helping hand 
that returns a tuberculous patient 
to a normal life. 

It is a tremendous source of satisfac- 
tion to us at CMC, to work hand-in- 
hand with the medical profession by 
supplying a complete line of effec- 
tive anti-tuberculous drugs. 


TEEBACONIN 

brand of isonicotinic acid hydrazide 
has proved to have potent tubercu- 
lostatic action, especially in yr sa 
tomycin-resistant cases, used alone 
or in combination. Supplied in 50 
mg. and 100 mg. tablets. 

Other Clinically proven preparations 
Dihydrostreptomycin Sulfate + Forticon 
(9 vitamins, 9 minerals, 3 amino acids) 
+ Germicin (Brand of Benzalkonium 
Chlorides, germicide) + lsopacin and 
lsopacin-S (NaPAS & INH) + Pashka- 
lium (KPAS) «+ Streptoconin (Strepto- 
mycin & INH) + Teebacin (NaPAS) 
+ Teebacin Acid (PAS) +«Teebacin Acid 
Buffered on PAS) + Teebazone 
(Brand of TB 1 


RESEARCH = Oivision 


CONSOLIDATED MIDLAND 
CORPORATION 


18 PARKWAY. 
QUALITY + ECONOMY 


cme 


Teebaconm 


Seng and 
In expert hands 


“id 
/ 
al 
we | 
- | 


4 THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


American Trudeau Society 


Medical Section National Tuberculosis Association 
1790 Broadway, New York 19, N. Y. 


An organization of physicians interested in pulmonary and 
other thoracic diseases, with special emphasis on tuberculosis. 


APPLICATION FOR ACTIVE MEMBERSHIP 


Name 


Print name in full 


Mailing Address 


Street 


Place of Birth 


ony or town 
Education 
University 
Medical School 


Postgraduate Training 


fret. middle, leet 


eity oF town state 


Date of Birth 


state or country 


Year graduated 


Year graduated 


Professional Societies of which a Member (local, «tate, and national) 


Type of Practice 


tithe of positron 


hare of organization 


part or full time 


character of work if private practice ao state 


Endorsements (Two signatures of American Trudeau Society members are required.) 


This applicant is personally known to me and | recommend his election to membership in the American 


Trudeau Society 
print or type 


(a) Name 
Address 
(b) Name 


Address 


Membership 


Active members shall have a medical degree. 
They may be specialists in thoracic diseases, 
physicians connected with tuberculosis hospitals 
or clinics, physicians in the public health field con 
cerned with tuberculosis control, thoracic sur 
geons, research workers in tuberculosis, or they 
may be physicians interested in our objectives 

Candidates for active membership shall be 
recommended by the membership committee and 
elected by the Council, or the Executive Commit 
tee acting for the Couneil 


Signature 


Signature 


Dues 

The dues of the members shall cover member 
ship for the calendar year ($15.00) with the excep 
tion that those of new members may for the first 
six months cover from July to December, inclusive 
($7.50) 

Bach active member will receive The American 
Review of Tuberculosis and Pulmonary Diseases 
for twelve consecutive issues. Members will also 
receive a subscription to the Bulletin of the NTA 
and to the Society's News Letter 


I will conform to the requirements of membership if elected. 


Date Signature: M.D. 


Please print name here as you wish It to appear on your membership certifiente 


Date Notified 


Date Elected 


- 
MUD. 
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(POTASSIUM PARA AMINOSALICYLATE) 


BETTER TOLERATED 
PASkalium largely avoids the 
common gastrointestinal upsets 
which limit the usefulness of 
para-aminosalicylic acid as well as 
its sodium and calcium salts. 
Patients with positive histories of 
intolerance to all previous P.A.S, 
therapy readily tolerate full 
therapeutic dosage of PASkalium 
in most instances. ! 
A HIGHER P.A.S. PLASMA LEVELS 
BETTER is the most soluble 
P.A.S. salt known. Absorption is 
rapid and excretion predictable. 
FORM Twelve grams daily produce and 
maintain blood levels comparable 
OF to those obtained with 17 grams 
of sodium P.A.S. and (theoretically ) 
P. A. S. 30 grams of P.A.S. Acid.* 
1. Molthan, L., Cohen, V., and 
FOR Zarafonetis, C. Clinical use of potassium 
para-aminosalicy'ate (KPAS). Am. Rev. of Tuberc 
and Pulmon. Dis, 71:220 (Feb.) 1955 


TREATING 2. Cohen, V., Molthan, L., and 


Zarafonetis, C. J. Clinical Studies of Various 
Forms of PAS (with special reference to plasma 


concentrations). Read before the American 
U BER UL | Trudeau Society, Annual Meeting, Milwaukee, 


Wisconsin, May 23-27, 1955 


NOW AVAILABLE in tablets (0.5 Gm.), 
powder, and convenient one-dose 

(3 Gm.) “Envules”, For information, 
please write 


GLENWOOD LABORATORIES inc. Teaneck, New Jersey 
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For the first time 
complete 


“LUNG FUNCTION 
STATION”’ 


in one compact integrated unit 
CLINICAL APPLICATIONS 


¢ Closed circuit technique for measurement 
of Functional Residual Capacity and 
Residual Volume using Helium or 
Oxygen 
¢ Vital Capacity, Inspiratory and Expira 
tory Reserve Volumes 
Timed Vital Capacity 
Maximum Breathing Capacity 
Oxygen Consumption: Basal Metaboli 
Rate 
Bronchospirometry: Oxygen consump 
tion and Vieal Capacity of cach lung 
« CO, concentration of expired gases 


UNIT TO BE SHOWN 

National TB Association Meeting, May 2 
25, Hotel Seatler, New York City 

Clinical Investigation Meeting: April xgth 
thru May ist, Atlantic City 

American College of Chest Physicians: June 
6-10, Chicago 


oo COMPLETE BROCHURE 


INSTRUM ENTATION ASSOCIATES 


17 WEST 60TH STREET NEW YORK 23, N. Y. 


Exclusive representative im P- United States and South America 


EMERSON 
RESPIRATION 
ASSISTOR 


I. P. P. B. 


1. Mixes air with oxygen. 


2. Flows rapidly and 
exhales freely. 


3. Can be cleaned easily. 


Write for full information. 


J. H. EMERSON CO. 
Cambridge 40, Massachusetts 


| 
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Bronchogrom of right lung with VISCIODOL. Note clear outline 
of bronchi and absence of alveolar filling 


Chest xray three days after bronchogram. Note clearing 
of VISCIODOL and fluid level in right hilar cavity 


“..radio-opaque agent of choice in bronchography.”’ 


wWisCrobDOXI: 
new LIPIODOL diagnostic 


Rapidly eliminated from the lungs’ 


New VISCIODOL* offers many advantages for 
bronchography. Its excellent degree of contrast 
and its greater viscosity assure controlled, uni- 
form outlining of the bronchi without alveolar 
filling. VISCIODOL is retained sufficiently long 
for complete x-ray study, yet is readily eliminated 
by expectoration and postural drainage, provid- 
ing clear lung fields within 48 to 72 hours. No 
shadows remain to confuse interpretation of 
follow-up films or repeat bronchograms. Possess- 
ing none of the irritating properties of the water- 


FOUGERA 


“Rarely penetrates the alveoli 


soluble media,' it does not necessitate high levels 
of anesthesia. 

Now available here, VISCIODOL has been in 
use throughout the world for over five years, and 
reports covering thousands of bronchographies 
have been published. The extensive bibliography 
on VISCIODOL is available on request. 


Supplied in 15 cc. vials 


*VISCIODOL, TM., is the trade name for the well-tolerated 


LIPIODOL* sulfanilamide suspension, a development of 
Guerbet Laboratories 
1. Burrascano, J. ].: Sea View Hosp. Bull. 15.149 (July) 1955 


E. FOUGERA & COMPANY. INC - 75 Varick Street, New York 13, N_Y. 


. 
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THE 


more than 


42,000,000 
doses of ACTH 
have been given 


Unsurpassed in safety and efficacy | 


In a series of patients treated continuously 
with Armour ACTH for at least 5'% 
years'.. 


@ Each responded with a maintained 
increase in cortical function 


© Major and minor surgical and obstet-| 
rical procedures caused no incidents 
¢ Sudden discontinuance of ACTH did 
not provoke a crisis 
\ 


| 


..andHP*ACTHAR 
Gel should be used 
routinely to minimize 
adrenal suppression 
and atrophy in pa- 
tients treated with 
prednisone, predniso- 
lone, hydrocortisone 
and cortisone. 


G20 moot wsdoty | 


in Gelatine used ACTH preparation 
*Highly purified 
1, Wolfson, W. Q.: Minsiasippi Valley M. J. 77: 66, 1955, 


A 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY + RANRAREL, ILLINOIS 
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A FIRM IS KNOWN 


by the Company it keeps ! 
for nearly 


1955 CHRISTMAS? 1955 


cvvvws “an 


half a century 


BAB 
hes been one of the mejor suppliers of 


National Tuberculosis Christmas Seals. 
We're proud of this record as we are of 
oll products. 


EUREKA SPECIALTY PRINTING CO. 


522 ELECTRIC STREET, SCRANTON 9, PA. 


POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words or less; additional words 20 cents 
each. Box oumber--75 cents extra. Employment 
reaus~-$10.00 per column inch. Remittance should ac- 
company copy « sent to: American eny of 
Tuberculosis, 280 Madison Ave., New York | Y 


AVAILABLE 


FULL TIME PHYSICIANS: for new 440-bed tubercu 
losis division of large general hospital in the east; 
available immediately; associated with two medical 
schools for teaching purposes; opportunity for research; 
complete surgical and pathological facilities; salary 
governed by background of training and experience. 
Please write Box 145, American Review of Tuberculosis 
and Pulmonary Diseases, 280 Madison Ave., New York 
6,N.Y 


J 

| 

The Armour Laboratories brand of purified 

i 

| 
| 
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Meat... 


and the Rehabilitation of 
Protein Depleted Patients 


Although the recommended daily allowance of one gram 
of protein per kilogram of body weight is adequate for the average healthy 
adult,’ greater amounts may be needed in the rehabilitation of patients 
depleted in protein after severe infections, mechanical trauma, burns, or 
extensive surgery.’ Protein needs for tissue regeneration during convales- 
cence are high. 


To speed rehabilitation of the protein depleted patient, top quality 
protein and calories should be given in generous quantity.*, However, a 
high protein intake, 130 grams daily, at best induces a slow response." 
Intakes at 3 or 4 times that level may produce considerably more rapid 
gain in weight, strength, and morale.** If mastication and swallowing are 
difficult, canned strained meats—such as used in infant feeding—may be 
used to advantage in the high protein dict.? 


Lean meat, outstanding in contained top quality protein, may well 
be made the keystone of the high protein diet. Its abundance of vitamin 
B complex and essential minerals—iron, phosphorus, potassium, and mag- 
nesium—adds to its therapeutic value. Important also are its appetite 
appeal, its easy digestibility, and its virtual freedom from allergenic 
properties, 


1. Recommended Dietary Allowances, Washington, D. C., National Academy of Sciences— 
National Research Council, Publication 302, 1953. 

. Co Tui: Review: The Fundamentals of Clinical Proteinology, J. Clin. Nutrition 7:232 (Mar.- 
Apr.) 1953. 

. Keys, A.; Brozek, J.; Henschel, A.; Mickelsen, O., and Taylor, H. L.: The Biology of Human 
Starvation, Minneapolis, Univ. of Minnesota Press, 1950. 

. Burger, G.C.E.; Drummond, J.C., and Sandstead, H.R.: Malnutrition and Starvation in 
Western Netherlands, The Hague General State Printing Office, 1948, Part IL, p. 91. 

. Co Tui; Kuo, N.H.; Chuachiaco, M., and Mulholland, J.H.: The Protein Depletion (Hypo- 
proteinia) Syndrome and Its Response to Hyper-Proteinization, Anesth. & Analg. 28:1 
(Jan.-Feb.) 1949. 


The nutritional statements made in this advertise- 
ment have been reviewed and found consistent with 
current medical opinion by the Council on Foods and 
Nutrition of the American Medical Association. 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 


Full range Fairchild-Odelca ling age 


DIRECT X-RAY QUALITY 


photofluorography 


4° x4” ULTRA SPEED—MODEL X-4045A 
is fully evaluated for general radiogra- 
phy and represents the culmination of 
many years’ research and manvufactur- 
ing experience. 


7OMM SKULL CAMERA 


Serial photofvorography of the skull or any 10 in. square body 
crea (from | to 6 per second). 


7OMM SUPER SPEED 


Complete versatility of these two models permits under-table, 
over-table or upright use for mass chest survey or hospital 
admissions X-ray. No patient is missed. 


For the first time, top-quality diagnostic 
photofluorography is available in all four major 


categories; mass chest survey . . . hospital 
admissions X-ray . . . serial and 
skull photofluorography. . . and even general 
radiography. The five cameras in the 
Fairchild-Odelca line all give optical speeds 400% 
to 500% faster than those now available in 
refractive lens cameras, 
plus a 400% increase in resolution. 

Get complete details from your regular 
X-ray equipment supplier, or direct by addressing 
Industrial Camera Div., Fairchild Camera and 
Instrument Corp., 88-06 Van Wyck Expressway, 
Jamaica 1, N. Y., Dept. 160-455 


X-RAY X-RAY CAMERAS AND ACCESSORIES | AND ACCESSORIES 


& 

+ 
past 
APHRODITE......The Metropolitan Museum of Art 
In-Line Angle-Hood 

a 

In-Line Angle-Hood 


Diagnostic Reagents 
for the Determination of 


ANTISTREPTOLYSIN TITERS 


Bacto-Streptolysin O Reagent is a standardized reagent recommended as an aid in 
the diagnosis of Rheumatic Fever, Glomerulonephritis and other diseases associated 
with Group A streptococcal infections. 


SENSITIVITY TESTS 


The significance of determining bacterial sensitivity is accentuated by the discovery 
of increasing numbers of antibiotics, sulfonamides, and other chemo-therapeutic 
agents and the development of resistant organisms to one or more of these compounds. 
Sensitivity or resistance is easily determined with Bacto-Sensitivity Disks. 


HETEROPHILE ANTIBODIES 
The differential diagnosis of Infectious Mononucleosis requires the use of stand- 
ardized heterophile reagents: 


Bacto-Guinea Pig Kidney Antigen, Desiccated and Suspension 
Bacto-Beef Cell Antigen, ted and Suspension 


BLOOD COAGULATION 
Prothrombin determinations require accurately prepared interstandardized 
reagents: 


Bacto- Thromboplastin Bacto-AC Globulin 

Bacto-Prothrombin 2 Stage Bacto-Sodium Chloride 0.85 Per Cent 
Bacto-Prothrombin Free Beef Plasma Bacto-Sodium Oxalate Solution 0.1 Molar 
Bacto-Prothrombin Free Rabbit Plasma Bacto-Caicium Chioride Solution 0.02 Molar 


LIVER DISEASE 
Differential diagnosis of hepatic disturbances is aided by standardized reagents: 


Bacto-Cephalin Cholesterol Antigen 
Bacto-Thymol Turbidity Reagent Bacto-Kingsbury Turbidity Standards 
Bacto-Thromboplastin and other Prothrombin Reagents 
RENAL FUNCTION 
Phenolsulfonphthalein Ampules, Difeo is a carefully prepared injectable recommended 
for usc in determining renal excretion rate. 
HEMAGGLUTINATION 

OF RED BLOOD CELLS 

Accurately determined by the use of: 


Bacto-Trypsin 1%, for Hem: ination Trypsin, Difeo, 1-250 
Bacto-Hemagglutination Bacto-Bovine Albumin 307% 
Bacto-Phytohemagglutinin 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 


| 
| 
4 
\ 


> SINGLE DOSAGE FORM 


ASSURES INTAKE OF 


Exch BUFFERED PARASAL-INH —.\ SE BOTH PAS AND INH 
contains 0.5 Gm. PAS and 12.5 mg. INH 
Dosage Equivercnts EFFECTIVE because combination BUFFERED 
PARASAL-INH therapy both diminishes 
74 Tablets ‘ and postpones development of resistance. 
20 Tablets 4 
ECONOMICAL ond CONVENIENT because 
7 40% FEWER TABLETS are required. 17 
BUFFERED PARASAL-INH tablets te 
place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg,). 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents GI upset even in cases in- 
tolerant to ordinary sodium PAS 
Sodiam and sugar free 
Write for literature, complete nformation. 
Canadian Distributors: 
WINL ey, OnRIS CO., 292 Craig St. West 
Montreal 29, P. QO. 


© 1963 The Panray Corp., New York 340 CANAL STREET, N.Y.13, N.Y, 


BUFFERED 
ot 
ARASAL 
| both 
| and ablet, 
| 


